





VOLUME 3 (NEW SERIES) NUMBER THIRTY-FIVE NOVEMBER 1957 


JOURNAL 





INSTITUTION OF ELECTRICAL ENGINEERS 


SAVOY PLACE LONDON W.C.2 Telephone TEMPLE BAR 7676 Telegrams VOLTAMPERE PHONE LONDON 


PUBLISHED MONTHLY 


PRICE SIX SHILLINGS 


ANNUAL SUBSCRIPTION THIRTY-FIVE SHILLINGS © 





Contents 
567 The First Rung 590 A Review of the Proceedings, Parts A ani B 
Automatic Control of Transmitters R. T. B. Wynn and F. A. Peachey 
569 Electrical Sheet Steels for Power Transformers Semi-Attended Transmitters W. J. Morcom and D. F. Bowers 
by F. BRAILSFORD, PH.D., B.SC.(ENG.), MEMBER Transistor Circuits and Applications A. G. Milnes 
+ + FY ’ 
576 — ns —— of the World 599 Monographs and Papers published individually this month 
'y J. VAUGHAN HARRIES, MEMBER 
MONOGRAPHS 
582 Di ° ° 
in Dispute Thermal Noise in Multi-Section Radio B. B. Jacobsen 
* . * : Links 
584 The Interpretation of Scientific Experiments An Lunproved Electromagnetic W. T. J. Atkins 
by JoHN C. WEST, D.SC., ASSOCIATE MEMBER Analogue 
: Vibrating Angular Tachometers K. Fearnside and P. A. N. Briggs 
585 The Section Chairmen’s Addresses Fourier Coefficients for Chebyshev J. L. Brown 
Patterns 
588 Supply Section Summer Visit to Belgium 
* PAPERS 
590 A Review of the Proceedings, Parts A and B = 
(Short titles and authors are given in the adjoining column) Microwave Printed Circuits J. M. C. Dukes 
Transistor Drives for Dekatrons G. B. B. Chaplin and R. Williamson 
595 Obituary Transistor D.C. Amplifier G. B. B. Chaplin and A. R. Owens 
e on is . Stage and Television Lighting F. Bentham 
599 Monographs and Papers published individually this Variable-Speed Drives for Wind P. McKearney, L. S. Drake and 
month Tunnels E. G. Mallalieu 
: ; : sini Variable-Frequency Power for Wind- P. McKearney, L. S. Drake and 
(Short titles and authors are given in the adjoining column) Tennsl Delos E.G. Mallalieu 
* A Train Performance Computer Professor F. Bradshaw, M. Wag- 
601 Technical Publications eam Gnane 
603 Some Recent Books London’s Electricity Supply H. V. Pugh 
604 Library Accessions 
606 Correspondence 
606 Elections and Transfers 
609 The Institution Examination 
611 Forthcoming Events at Savoy Place 
612 British Nuclear Energy Conference: Forthcoming 
612 Contents of the Current Issues of the Proceedings 
613 Announcements to Members 
616 News from Abroad 
617 Officers of The Institution 


xxxv Index of Advertisers 


The Institution is not, as a body, responsible for the opinions expressed in the Journal, unless it is stated that an 
article or a letter officially represents the Council’s views. 











vO 





IN 


—~ 











JOURNAL 





OF THE INSTITUTION OF ELECTRICAL ENGINEERS 


VOLUME 3 (NEW SERIES) NUMBER 35 


NOVEMBER 1957 





THE FIRST RUNG 


This Foreword—frank and stimulating in its outlook—has been written by Mr. Andrew R. Cooper, M.Eng., 
Member, who serves on the Council’s Committee on Student Membership, and who is well known among members 
of The Institution of all classes for his understanding of the human issues that affect an engineer’s career. His 
Students’ Lecture on ‘Attitudes of Mind’, which was widely acclaimed, was published in the Journal in April 1956. 


HE WHOLE INSTITUTION, AND PARTICU- 

larly its more senior members, should ponder 

the fact that our Student membership has fallen 

by more than 50 per cent over the past ten 
years, and that during this period the membership of 
The Institution has increased by some 33 per cent. This 
fall has coincided with changes in our entry requirements 
and other regulations which may have reduced some of 
the more obvious attractions of early membership; that 
something should be done to replace these with more 
lasting incentives may be seen from the following typical 
figures. In the London area there were 2420 Students at 
the Ist April 1947; this year the number was 1011. The 
corresponding figures for the North-Western Centre were 
653 and 342; for the Scottish Centre, 285 and 181; for 
the Western Centre 497 and 289; and for oversea, 1 527 
and 818. These are only examples; the complete figures 
are in the hands of the Local Committees. 

It has been suggested that the decrease is largely due to 
competitive activities such as local engineering societies, 
military service, and, of course, television. This argument 
might be convincing if it stood alone, but it is at least 
equally likely that we are not bringing the value, and 
indeed the duty, of early membership to a sufficient 
number of young engineers. 

During the past few winters I have had the oppor- 
tunity of visiting all the Graduate and Student Sections 
in Great Britain, and, in retrospect, certain factors stand 
out as having a bearing on this problem. Accepting all 
the risks which go with generalizing, I would cite the 
following as some of these factors. 


No Student Section will succeed unless some interest 
in its progress is displayed by the parent body—but it 
must be the right sort of interest. When you appear as 
a senior member at a Students’ meeting, you are naturally 
suspect until you have justified yourself. The slightest 
hint of paternalism, any tendency to talk down from 
a great height, any move towards domination of the 
meeting, will do more to wreck the growth of a Student 
Section than any of the more obvious obstacles to its 
progress. 

The Students’ Chairman is the boss of the meeting, 
even if he is one of your students or apprentices. He can 
call you to order, and, so far as the discipline of the 
meeting goes, treat you as he would any of his fellow 
students. He would be an ass if he abused this authority, 
but he does possess it, and if he makes a tactical error 
occasionally, this should be regarded as part of his 
education. 

The senior member’s greatest contribution is to instruct 
by example, and, as such qualities as humility and orderly 
behaviour have always tended to be rare among the 
younger generation, there is plenty of scope for action. 
The rewards for being self-effacing will undoubtedly 
come, for, while the student is quick to resent patronage, 
he has enough sense to appreciate the real merit in people 
who are unselfishly trying to help him. 

A Graduate and Student Section cannot succeed unless 
it has a competent, enthusiastic, hard-working secretary. 
If it is a good thing to get rid of your illusions at an early 
age, there is no more effective method than becoming 
secretary of a Student Section. People are just as awkward 
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and unreliable at that age as they are later—failures 
which occur with arrangements for a dance, a meeting 
or a Visit, are just the same sort of failures as can occur 
in business life, and the drive for new members is similar 
in type to the sales drive of any selling organization. 
One of the best forms of apprenticeship for a managerial 
type of job is to have spent some years as Honorary 
Secretary of an Institution Student Section. 

In meeting the different Student Sections, I recognized 
differences of quality which were not necessarily related 
to size of membership. Enthusiasm at meetings often 
seemed to be higher with larger numbers, probably 
because there was less self-consciousness, but there were 
many small groups where there was lively high-level 
debating, and an obvious regard for the dignity and 
stability of The Institution and all its works. In most 
places the membership appeared to be centred around 
some representative group from, say, an Area Board, a 
Generating Division, or a particular manufacturer, and 
it would seem that the best method of recruitment is to 
find a suitable man in each industrial organization and to 
assist in forming a group around him. A number of local 
stimulations of this nature in each factory, college 
or supply unit might be more effective than a more 
generalized campaign which, while trying to catch 
everyone, caught no one in particular. 

There was some evidence that men in their mid- 
twenties, some holding quite senior positions, did not 
feel too happy in being described as a ‘Student’ or even 
a ‘Graduate’. They were not necessarily youths who 
had tried on father’s boots and found them too small, 
but there was a feeling that anything less than Corporate 
Membership cut insufficient ice. 

The young engineer who is invited to join a Student 
Section will probably ask, ‘What do I get out of it?’ This 
may not be so self-centred as it sounds, for it can be a 
real problem to a youth who has many opportunities of 
taking up other leisure-time activities and who has little 
money to spare. We can tell him that he will receive 
copies of the Journal and the Students’ Quarterly Journal, 
and that he can obtain other publications of The Institu- 
tion at special rates, which will make him better informed 
than the average non-student; that he can attend meetings 
of the parent Centre, where he can listen to high-level 
lectures and meet the leading people in the industry; and 
that he may be able to save himself later part of the 
transfer fee to the class of Associate Member. But I think 
the most significant benefits he can derive will be rather 
less tangible. He will be able to learn how to stand up 
and speak before a meeting, how to take part in com- 
mittee management, how to prepare and deliver a 
technical paper, and, what is particularly important, he 
will have opportunities of making friends at the outset 
with many of his contemporaries in the profession who 


568 


might otherwise have remained unknown to him. In 
short, the benefit he derives will be proportional to the 
effort he puts into making a success of Institution 
activities. 

After visiting twelve Graduate and Student Sections, 
I am left with the firm impression that the quality of the 
young men who are joining The Institution is first-rate, 
but that the numbers should and could be increased. It 
is vital to the healthy growth of The Institution that 
this problem should be tackled seriously, and without 
delay, by senior members in London, the Local Centres 
and oversea. 


THE JOURNAL: OPINION SURVEY 


The Journal has been appearing in its new form for nearly 
three years; this period is long enough for members to have 
acquired firm feelings—enthusiastic, hostile or apathetic— 
about its value, both as a link between the Council and them- 
selves and as a periodical to read. The Council now wish to 
find out individual members’ views on the Journal and to invite 
suggestions for improving it. They are accordingly making a 
postal inquiry, and they ask for members’ co-operation. A 
printed form containing questions and space for comments 
and suggestions will be sent to about 10000 Corporate 
Members at home and oversea, probably with the February 
1958 issue of the Journal. To enable this form to be worded 
and set out in the most useful way, a pilot inquiry was made 
with last month’s issue. Prototype forms were sent to about 
500 Corporate Members in the United Kingdom and the 
completed forms that have been returned are now being 
studied. 

The Council stress that, if this inquiry is to indicate both 
majority and minority opinions as accurately as possible, it is 
necessary that a// members to whom the forms are sent should 
complete and return them. This will entail little trouble, since 
most of the questions can be answered by ticks in appropriate 
boxes, and the form is printed with an addressed (and reply- 
paid for members at home) panel which allows easy return to 
the Secretary of The Institution. It is emphasized that a 
member who has little direct contact with The Institution, 
except through the pages of the Journal, should not think that 
his views are not required; such views are just as valuable as 
those of the member who plays an active part in Institution 
activities, at Savoy Place or in the Local Centres. For the 
Journal, if it is to justify itself, must serve all members; it is 
indeed the only Institution activity that involves all members. 

Therefore whoever you are and whatever your views, if you 
receive a Journal opinion form, please help the Council by 
completing and returning it. 

Only the desire to save expense has deterred the Council 
from arranging to send a form to every member. But, of 
course, suggestions and views from non-recipients of forms 
will be most welcome, particularly from non-Corporate 
Members. Thus any member who cares to write to the 
Secretary about the Journal will have his opinions taken into 
account at the same time as those recorded on the forms. 

It is hoped to publish in due course in the Journal analysed 
results of the survey. 


JOURNAL J.E.E. 
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An Electrical Engineering Review 


ELECTRICAL SHEET STEELS FOR POWER TRANSFORMERS 


the magnetic cores of electrical apparatus was by 

Sturgeon, who, about the year 1837, found, by 
trial, that the performance of an induction coil was 
improved when sheet iron was substituted in the coil for 
a solid iron core. 

Iron or mild-steel sheets of very variable magnetic 
quality were used in the early transformers, although by 
1896 Ewing was able to report considerable improvements 
in these materials. Magnetic ‘ageing’ was a troublesome 
phenomenon at this time. As a result the hysteresis loss 
in a transformer core might increase by as much as two 
or three times after the equipment had been in service for 
a comparatively short time, with consequent overheating 
of the transformer. It is of some interest to note that 
Kelly took out patents in 1896 which claimed to overcome 
this trouble by adding up to 0-03 % silicon to the iron. 

A turning point in the history of sheet steels for 
transformers came after the publication in the year 1900 


Pp ROBABLY the first use of thin iron sheet material in 
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1 Comparison of magnetization curves 


a Iron. e 50% nickel-iron, grain- 
b 4% silicon-iron. oriented. 

ec 3 %e silicon-iron, grain-oriented. f 75% nickel-iron. 

d 50% nickel-iron. g Manganese-zinc ferrite. 
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8, gauss 


621.318.13 : 621.314.2 


Professor Brailsford is at University College, London. He 
was formerly with the Metropolitan-Vickers Electrical Co., 
and is well known as an authority on applied magnetism. 

This article should form a useful summary of the present 
state of electrical sheet steel development for engineers 
not themselves concerned in transformer or machine design. 


F. BRAILSFORD, PH.D., B.SC.(ENG.), MEMBER 





of the results of a long-term, joint, systematic research 
by Barrett, Brown and Hadfield. They discovered that, 
compared with the best Swedish iron, the low-carbon 
silicon-iron alloys had low hysteresis losses and high 
magnetic permeability. It might perhaps be mentioned 
here that carbon is now present in silicon-iron alloys for 
electrical purposes as an undesirable impurity only. 
These materials are therefore not accurately described as 
‘steels’, since carbon is a necessary constituent of a steel, 
although it is common usage to employ this term for 
electrical sheets. 

A small transformer, rated at about 0-5kVA, was 
made of the new silicon-steel in 1903, and commercial 
production of the material began in this country in about 
1906. The iron loss at 50c/s with Bq, = 10000 gauss 
had by that time been reduced to about 1-7 W/kg from 
about 3 W/kg in 1896. After a considerable interval, a new 
landmark appeared in this field in 1933 when Goss in 
America described a process of manufacturing greatly 
improved silicon-iron sheet with highly directional 
magnetic properties. This represented a new advance 
comparable in practical importance with that made by 
Barrett, Brown and Hadfield. It remains a fact, however, 
that silicon-iron is still the only suitable alloy for power 
transformer cores, and the main reasons for this will now 
be considered. 

It should be mentioned here that low-loss silicon-iron 
alloys are also used in rotating machines, more particu- 
larly in alternators and synchronous condensers. In 
motors a high magnetic saturation value in the material 
used is often more important than low iron losses, since 
the size of the machine for a given rating is largely 
governed by the flux-carrying capacity of the armature 
teeth in which magnetic saturation occurs; when this is 
so, iron laminations with, for example, less than 0-5% 
silicon are preferred. Fig. 3(c) illustrates the reason for 
this. The general burden of this article is, however, 
related to silicon-iron alloys for use in transformers. 
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2 Comparison of iron losses at 50c{s in laminations of 
0-014 in. thickness 


a Dynamo iron: total iron loss. 

b Dynamo iron: hysteresis component. 

ce Transformer iron with about 4% silicon: total iron loss. 

d Transformer iron with about 4% silicon: hysteresis component. 
The differences between curves a and b, and between curves 
c and d, are the calculated values of the eddy-current loss. 








Comparison of Silicon-Iron with Other Materials 


The magnetization curve of a typical sample of 4% 
silicon-iron as used in transformers is shown in Fig. 1(5). 
This is plotted to a suitable scale of the applied field H 
to show that when the value of the flux density B is 
about 1-3 Wb/m2 (or 13000 gauss) there is a relatively 
pronounced ‘knee’ to the curve. The position of this knee 
is important for power transformers since it fixes an 
approximate upper limit to the peak value B,,,, of the 
working flux density in the transformer core material. 
If this flux density is much exceeded, the primary 
magnetizing current becomes unduly large. Since the 
relation between the flux density and the magnetizing 
field is non-linear, and since a sinusoidal flux waveform 
is aimed at in the core material, the waveform of the 
magnetizing current is non-sinusoidal, so that harmonic 
components of voltage drop are introduced into the 
primary circuit of the transformer. These must be kept 
small, or flux distortion in the core and hence undesirable 

waveform distortion in the secon- 
dary voltage of the transformer will 
x10 occur. 





© In the Figures both M.K.S. and 
C.G.S. units are used together. It 
may be noted that, in the case of field 
strength, 1 oersted = 0-797 A/cm, 
although for convenience in show- 
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ing the scales of H in the Figures 
1 oersted is assumed equivalent to 
80 A/m. 

In Fig. 1 the curve for 4% silicon- 
iron is compared with that for un- 
alloyed iron, curve (a) being repre- 
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silicon-iron in some respects, must 

J be ruled out for power transformers 
/ on the grounds of cost. Curve (/) 
/ is for a nickel-iron alloy containing 
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elements in iron on electrical, mag- 
netic and mechanical properties 


p = electrical resistivity. 
7” = Steinmetz coefficient. 
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Percentage of silicon 
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6 K, = magnetic anisotropy constant. — 
M, = saturation intensity of magnetiza- 


tion. 
All percentage additions are by weight. 
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4 Magnetization curves and hysteresis loss in 
single crystals of silicon-iron 2:0 
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a and b Magnetization curves in different crystal- 
lographic directions for 3-8°% silicon- 
iron. (Af = intensity of magnetization.) 

c Alternating hysteresis loss in single 
crystals of 2-1 % silicon-iron (at 50.-/s). 

d The crystal lattice for iron or silicon- 
iron, showing the three crystal directions 
A, B and C, for which the tests in a, b 
and ¢ were made. 
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Note: The Miller indices are commonly used 
in crystallography to denote directions and planes 
in a crystal. Thus if the cube edges of a cubic 
crystal coincide with the x, y, z axes, the direc- 
tions Ox, Oy, Oz would be [100], [010] and [001] 
respectively. Cube face diagonals through the 
origin in the xy, yz and zx planes would be [110], 
[011] and [101] respectively, and the long diagonal 
of the cube through the origin would be [111]. 
Directions, such as these, are always indicated 0 
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low knee make this material unsuitable. 
The same considerations apply to curve (g), 


broken lines in (c) and (e) show how the 
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knee point may be raised by a cold-rolling 
manufacturing process leading to ‘grain- 
orientation’. This will be discussed later. 
Curve (c) is for a 3-34% silicon-iron and 
(e) for a 50% nickel-iron. 

In comparing curves (a) and (d) for iron 0 
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and 4% silicon-iron, respectively, it will 
be seen that the peak value B,,,, of the 
working flux density might be about 1 500 
gauss higher in a transformer core for (a) 
than for (6), with about the same magnetizing current. 
While this would lead to economy in material, the over- 
riding consideration in this comparison is that of energy 
losses in the core. The presence of silicon in the iron 
greatly reduces the iron losses, as Barrett, Brown and 
Hadfield discovered, and it is this which makes silicon- 
iron preferable to unalloyed iron for power transformer 
cores. The curves in Fig. 2, which may be regarded as 
typical of hot-rolled sheet material, show that silicon 
greatly reduces both the eddy-current component and 
the hysteresis component of the total iron loss under 
alternating conditions. 

Fig. 3 shows some of the effects of silicon on electrical, 
magnetic and mechanical properties. Fig. 3(a) shows 
the great increase in electrical resistivity occurring with 
increasing silicon content, and it is this which accounts 
for the decrease in the alternating eddy-current losses 
already mentioned, since these losses in thin sheets are 
inversely proportional to resistivity. It will be noticed 
that the effect of aluminium is similar. The hysteresis loss 
occurring per unit volume per cycle in these materials 
may be expressed approximately, for peak flux densities 
lower than about 1 Wb/m?, by the Steinmetz empirical 
equation, W, = 7B?.,,. Fig. 3(6) shows the remarkable 
way in which the Steinmetz coefficient decreases with 
increasing silicon content, indicating the reduced hyster- 
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max’ 
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esis losses of the silicon-irons. The magnetic anisotropy 
constant K; shown in Fig. 3(b) is a measure of certain 
crystalline forces in the material. A low value of K; leads 
in general to increased permeability and lower hysteresis 
losses. Fig. 3(c) shows one of the disadvantages of 
silicon in iron, namely that it reduces by a fairly sub- 
stantial amount the saturation intensity of magnetiza- 
tion M,. In fact, 4% of silicon reduces M, by about 
2000 gauss from the value for unalloyed iron, with a 
proportionate depression of the knee point of the 
magnetization curve, as already mentioned. Once again 
the behaviour of aluminium is similar to that of silicon. 
A further disadvantage of silicon is shown by Fig. 3(d). 
This curve, due to Pilling, gives an approximate boundary 
between ductility and brittleness in relation to the 
silicon content and temperature. Owing mainly to the 
increasing brittleness with silicon content, 44% silicon 
is about the upper limit of practical usefulness for 
transformer sheets. 


The Development of Grain-Oriented Silicon-Iron 
for Transformers 

The materials so far considered are made into sheets 
by hot rolling. In common with other metals, silicon-iron 
is crystalline. The hot-rolling process, in conjunction 
with the subsequent annealing, produces a sheet in which 
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E.M.F. waveforms in eight strips 
in parallel cut from a single 4% 
silicon-iron transformer _ sheet, 
showing magnetic inhomogeneity 


The total flux was sinusoidal as shown 
by the bottom waveform, but the flux in 
each individual strip was non-sinusoidal. 
Bmaz = 13000 gauss; f = 50c/s; sheet 
thickness = 0-014 in. 
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the constituent crystals are disposed in almost, though not quite, a random 
fashion. By this is meant that the crystallographic axes of the individual crystals 
do not take up any special alignment with respect to the direction of rolling, 
the sheet surface or with each other. As a result, hot-rolled sheets, though not 
quite uniform in their magnetic properties with respect to direction in the sheet, 
do not exhibit particularly strong anisotropic properties. Individual crystals of 
iron or silicon-iron have, however, very strongly marked directional magnetic 
properties, and practical use is made of this circumstance in the grain-oriented 
cold-reduced silicon-iron sheet materials. 

Iron crystallizes on the body-centred cubic system shown in Fig. 4(d). 
In the small unit shown there is an atom at each corner of the cubic lattice 
and one at the centre. This geometrical pattern must be imagined as extending 
in all directions, and any particular crystal will contain a very great number 
of atoms. For example, in iron the distance between neighbouring atom centres 
along a cube edge is 2-86 x 10-8cm, and there would therefore be nearly 
10'5 atoms in a small crystal of, say, 0-001 in. diameter. In transformer sheets 
silicon is held in solution in the iron as a ‘substitutional’ element, the silicon 
atoms being substituted in place of iron atoms in the crystal lattice. Honda and 
Kaya in 1926 measured the magnetization characteristics of rod specimens 
cut from different crystallographic directions from large single crystals of 
iron, and Williams in 1937 repeated the experiments on single-crystal specimens 
of a 3-8 % silicon-iron. Williams cut each of his specimens from single crystals 
in a form resembling a picture frame. For the cube-edge sample, for example, 
the rectangular specimen had four sides each parallel to a cube edge. The 
great advantage of this over the short rods used by Honda and Kaya was that 
the specimen formed a closed magnetic circuit without joints, and so the 
magnetization curves below the knee could be measured with accuracy. The 
results for iron and silicon-iron are similar. Figs. 4(a) and 4(b) show the 
magnetization curves obtained by Williams, and Fig. 4(c) shows the hysteresis 
loss measured by Wilson for single-crystal specimens, in the same directions 
as before, for a 2-1% silicon-iron. The curves show the great superiority of 
the cube-edge direction of the crystal in magnetic permeability and in hysteresis 
loss. It will be apparent that for this ‘easy’ direction of the crystal the knee 
point is considerably raised, and the iron loss greatly reduced, compared with 
the corresponding values averaged over all directions in the crystal; these 
averaged values are those obtaining approximately in the ordinary polycrys- 
talline hot-rolled materials with the crystals in random disarray. 

In 1933 Goss described in detail a special process of making silicon-iron 
sheet material with silicon up to about 34%. Briefly the process consisted 
in starting with coils of hot-rolled strip about 0-1in. in thickness. This strip 
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x10" 0 10 000 220000 x10°So 10 000 20000 
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1 Magnetostriction in silicon-iron 
laminations of 0-014 in. thickness A 
A is the magnetostrictive strain. A B A 5:0 . 
a Hot-rolled materials 9 ° 
A, 0:14% silicon, in direction of rolling. 
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was then put through the rolls in the cold state, 
reduced to its final thickness of 0-012-0-014in., and 
subsequently given a high-temperature annealing treat- 
ment. Goss found that the finished polycrystalline 
material had directional magnetic properties similar to 
those of a single crystal. The magnetization curves and 
hysteresis losses for different directions in the sheet, 
measured in 1938 on an early sample of 3 % silicon Goss 
material, are shown in Fig. 5, and the striking resemblance 
between these curves for the polycrystalline sheet and 
those shown in Figs. 4(a) and 4(c) for single crystals is 
immediately apparent. 

X-ray, optical and magnetic tests on this cold-reduced 
material confirm, that during the final annealing treat- 
ment, in the course of which complete recrystallization 
of the metal occurs, the newly-formed crystals adopt a 
‘preferred orientation’. The crystals in fact take up the 
position indicated in Fig. 5(a). The diagonal plane of the 
crystals which contains the directions B and C in 
Fig. 4(d) and which therefore also contains a cube edge 
direction, labelled A’ in Fig. 5(a), is found to lie parallel 
to the surface of the sheet. At the same time the cube edge 
direction A’ lies parallel to the direction of rolling. If 
in the polycrystalline sheet all the crystals occupied the 
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preferred position exactly, then, since any cube edge 
direction is magnetically the same as any other, the 
curves A’, B and C in Fig. 5(a) should be the same as 
curves A, B, and C in Fig. 4(a) (assuming however the 
same silicon content for the two cases). The differences 
between Figs. 4 and 5 are, at least in part, due to the 
crystals in the sheet being to some extent spread about 
the preferred position. Even so the rolling direction 
of the material is magnetically greatly superior to 
other directions in the sheet, and this is a property of 
cold-reduced material of which effective use can be 
made in transformer cores. Some comparisons of the 
commercially-produced hot-rolled and _ cold-reduced 
materials for transformers are given later. 


Some Problems with Transformer Steels 

The highest magnetic permeability and lowest -hyste- 
resis losses in a ferromagnetic metal are to be expected 
in general when the constituent crystals are as free as 
possible of internal strains. Perhaps the most important 
source of internal strains in the higher-grade magnetic 
materials is that due to the presence of impurities held 
in solution in the metal. Particularly harmful to magnetic 
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8 Magnetization curves of present commercial transformer 
materials 
a Hot-rolled with about 4% silicon. 


b Cold-reduced grain-oriented with about 34% silicon, in the 
rolling direction. 





properties are the ‘interstitial’ impurities, especially 
carbon in small amounts, where the foreign atoms 
squeeze in between the regular planes of the parent 
atoms and so distort the crystal lattice. A remarkable 
degree of purity is achieved in ordinary commercial 
electrical sheets, the carbon present in cold-reduced 
silicon-iron, for example, being of the order of only 
0-005 %. It is perhaps not surprising that, since complete 
metallurgical homogeneity in a batch of material may 
be difficult to achieve, magnetic variability will also 
occur. It has in fact always seemed difficult to produce 
transformer steel consistently to allow a narrow iron-loss 
guarantee. In hot-rolled material this variability may 
occur from one sheet to another in a particular lot and 
may also occur over an individual sheet. This introduces 
practical difficulties since the steel maker may cut up a 
sheet into a test sample and grade and price the batch 
accordingly, while the user may test a sample from 
another sheet and decide that the batch should be 
regraded. Moreover, it becomes difficult for the designer 
to predict the iron losses in any completed transformer 
core built from a given lot of material. 

There does not appear to be very much information on 
the magnetic variability occurring over an individual 
sheet, but one test for a 4% silicon hot-rolled material 
gave the results shown in Fig. 6. Eight strips, each 
294 in. by 4in., all cut in the rolling direction from a 
single sheet, formed one limb of a Churcher iron-loss 
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tester. The flux density for the whole limb was brought 
up to a peak value (B,,,,) of 13000 gauss at 50c/s, and 
this total flux was sinusoidal. The nine waveforms shown 
are the induced e.m.f.’s in search coils on each of the 
eight strips separately and in a search coil embracing all 
eight strips. The distortion of the waveforms is an 
indication of the dissimilarity in shape of the hysteresis 
loops of the eight strips and thus of magnetic variability 
over the sheet. It might however be pointed out that the 
flux waveforms, obtained by integrating the waveforms 
shown, would be considerably less distorted, and the 
total effect on the iron losses was estimated to be only 
about a 1 % increase. 

Edmundson has described a sheet tester for trans- 
former steels. This tester measures the iron loss in whole 
sheets 8ft x 3 ft and thus enables the sheets in a particu- 
lar batch to be regraded according to their iron losses— 
a more scientific method of selection in the circumstances 
than the adoption of a test result on a single sample as 
being representative of an entire batch. 

A problem of long standing is that of transformer 
noise. This may become troublesome with distribution 
transformers situated out of doors in residential areas, 
and reduction to a satisfactory level of the noise emitted 
may be costly. The noise arises from vibrations of the 
transformer core, the prime cause of which is believed 
to be the phenomenon of magnetostriction, a term which 
applies to the small changes in the physical dimensions 


Bmax» gauss 


























5000 10 000 15 000 
~~ 
| 
2 
IN 
| 
no 
~ | 
s | | 
¢ 13 500 gauss 
Oy) 
2 | 
c " 
= # 
- ri 
17 000 
4 gauss 
05 15 
Bmax» Wb/m? 
9 Iron losses at 5O0cls in 0-013-0-014in. commercial 


transformer materials 


a Hot-rolled with about 4% silicon. 
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of a ferromagnetic material when it is magnetized. 
Polycrystalline iron and silicon-iron, over the working 
flux-density range employed in transformers, increase in 
length and contract laterally when magnetized. The 
amount of this extension is, however, a function of the 
silicon content, as Fig. 7(a) shows. Indeed for a silicon 
content exceeding about 64-7% the magnetostriction is 
negative, i.e. longitudinal contraction occurs with 
magnetization. The magnetostrictive strain A is, as the 
curves in Fig. 7 show, only a few parts in a million, but 
it has been estimated that the order of magnitude of the 
dimensional pulsations of the core under alternating 
magnetization is sufficient to account for the observed 
noise emitted. However, recent directional observations 
around transformer cores show that the lateral vibrations 
—vibrations normal to the plane of the core laminations 
—are greater than may be accounted for by the direct 
magnetostrictive effect alone. It has been suggested that 
this lateral vibration also may be mainly due to varia- 
bility in successive punchings causing differential expan- 
sion and hence lateral bowing of the laminations. 
Fig. 7(c) shows the magnetostriction in relation to flux 
density for three directions in the sheet for a hot-rolled 
1-9°% silicon material, and Fig. 7(b) shows the corre- 
sponding curves for a 3% silicon cold-reduced material. 
Fig. 7(d) shows the changes in length occurring in the 
latter material in the rolling direction while encompassing 
a complete cycle of hysteresis. The extent to which there 
may be variability in magnetostriction, in relation to flux 
density, or to the applied field, between different sheets 
or between samples cut in the same direction from the 
same sheet, does not appear to have been investigated. 


Present-Day Materials 

Fig. 8 shows the magnetization curves of the silicon- 
iron transformer steels at present available for power 
transformers. These are supplied in various grades, the 
properties of which fall in general within the hatched 
areas between the curves. Fig. 9 shows corresponding 
curves for the iron losses in sheets 0-014 in. thick for the 
hot-rolled, and 0-013in. thick for the cold-reduced, 
material at a frequency of 50c/s. In both of these figures 
broken lines are drawn intersecting the curves for hot- 
rolled steel, curves (a), at By»g, = 13500 gauss; and 
intersecting the curves for cold-reduced steel, curves (5), 
at Bnax = 17000 gauss. If the best use of the directional 
magnetic properties of the cold-reduced material can be 
made, it is apparent that the working flux density in a 
transformer core of this material may be about 25% 
greater than that in a core of hot-rolled material, with 
no increase either in iron losses or in magnetizing 
current. Figs. 8 and 9 summarize a great achievement, 
and we may well compare the iron losses of Fig. 9 with 
the figures previously quoted for the best materials 
available in the past: 3 W/kg at Ba, = 10000 gauss 
in 1896, and 1-7 W/kg in 1906. By contrast, the iron 
loss in the best material to-day, if for the sake of 
comparison we assume the same flux density, is as low as 
0-5 watt/kg. 
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Summary 

Two major advances have occurred in power trans- 
former core materials. The first of these followed the 
discovery of the beneficial effects on magnetic properties 
of silicon in iron. The second was due to the development 
of the process of producing grain-oriented material. The 
laboratory work by Barrett produced the first advance, 
and academic investigations on single crystals at least 
explained the results achieved in the second. Magnetic 
variability and transformer noise are among the problems 
remaining. 

Systematic metallurgical investigations are proceeding 
and, on the basis of past experience, we may expect 
further advances in this field to continue. It has in fact 
been claimed recently in the United States that a new 
type of grain-oriented silicon-iron sheet material has been 
developed. In this material the crystal cube faces are in 
the plane of the sheet with cube-edge directions parallel 
to and at right angles to the rolling direction. The material 
should therefore have low loss, high-permeability 
properties both along and across the sheet. This type of 
grain orientation is more suitable than the older kind 
for the laminations of rotating machines, and should 
also lead to a reduction in corner losses in the con- 
ventional type of transformer core. 





BEATING THE BOUNDS 


The traditional bumping of a choirboy at one of the boundary 
marks during the ancient ceremony of Beating of the Bounds 
of the Manor and Liberty of the Savoy, which was performed 
again this year. The Liberty extends from Shell Mex House 
to Temple Bar, and from the Thames to the north side of 
the Strand, and of course includes the Institution building. 

The Beadle wears a cocked hat and carries a 250-year-old 
silver-headed staff. Others taking part in the ceremony include 
the High Steward of the Manor, officers of the Duchy of 
Lancaster and local residents. These are believed to be rather 
grateful that the bumping is confined to the boys. 
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‘JOINTS AND HINGES OF THE WORLD’ 


The above title was given by Mr. Vaughan Harries to the 
Address which he delivered as Chairman of the Utilization 
Section, at Savoy Place on the 10th October 1957. The 
Address, which was very well received by members of the 
Section, is not a technical one but deals with some aspects 
of the engineer’s service to the community and of his rela- 
tions with his fellow-men. The text of the Address is 
printed here, substantially as it was delivered. Mr. Harries 
is with the Brush Electrical Engineering Co. at Cardiff. 


J. VAUGHAN HARRIES, MemsBer 





munication from the Secretary of The Institution 

which intimated that I had been elected Chairman of 
the Utilization Section with effect from the Ist October. 
I want you to know that this is one of the most agreeable 
things that has ever happened to me and that mine is a 
full and grateful heart. It is natural and appropriate that 
the great majority of those who receive honours of this 
kind should be thrilled and excited: I experienced all 
these emotions, to recover with one sobering thought, 
that among my new responsibilities was the task of 
preparing a Chairman’s Address. 

Mine is an ordinary station in life; therefore, shall I 
say without appearing presumptuous, I take it I am here 
because I represent someone or somebody, perhaps I 
represent the ordinary member. I have no claim to 
eminence or achievements, therefore I cannot talk to you 
about inventions or research. I certainly do not propose 
to take up your time with an account of recent develop- 
ments in the utilization of electricity; these have been 
amply dealt with at recent conventions and indeed by 
my predecessor, Mr. Gibson, in his Address last session. 
I have preferred not to indulge in a ‘planner’s dream’ or 
to take you on some magic carpet into the hidden world 
to be, because there are times when I feel that too many 
people are prone to give their talents and time to the 
future, forgetting the realities of the present and some- 
times the lessons of the past. 

I have, with great respect, read all the Addresses of 
my predecessors in the Chair of this Section to see if by 
chance they had left in that vista of information and 
knowledge a furrow that was not quite straight or even 
one that could be further cultivated by present-day 
experience. In this pleasing task I found that every field 
had been exploited with common sense and great ability, 
and I was left admiring those who had ploughed before, 
but more than ever conscious of the lack of virgin soil 
for me to hoe. 

I have experienced a very happy life spent with 
engineers, technicians and craftsmen, and one cannot 
meet with those who make up the engineering fraternity 
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I: was on the 26th June 1957 that I received a com- 


without learning a lesson in humility. It is because I think 
I know their nature, their needs, their hopes and aspira- 
tions that I have endeavoured to present a form of 
Address which may be unusual but nevertheless will take 
into consideration matters which I think are important 
to us all. I do not intend to imitate, neither will I pose— 
I have decided to be myself and to take for my theme 
the title ‘Joints and Hinges’, for my inspiration the words 
of John Davidson: 


Nameless as the stars of night, 
Far in galaxies unfurled, 

Yet we wield unrivalled might, 
Joints and hinges of the world. 


I should like to devote a few minutes this evening to 
a consideration of how the electrical engineer fits into 
the scheme of things to-day, first in his relations with his 
fellow-engineers and then in the wider sphere where 
unfortunately, although the results of his energy and 
application are widely appreciated, the breed is almost 
an unknown quantity. 

We, of our fraternity, are the joints and hinges of the 
world. What should be the most interesting and arresting 
experience of one’s life when one joins a new society, 
company or fraternity, is the moment of initiation; 
interesting because of the new opportunities that lie 
ahead, arresting because the obligation taken has a moral 
and spiritual significance in that the initiate covenants to 
be a faithful participant and a loyal citizen. I am sure 
we have all at some time, when attending our Centre 
meetings or meetings in this theatre, seen young men 
invited to meet the Chairman or President, as the case 
may be, when they have been welcomed as Corporate 
Members and charged with the words 


I enjoin you to do all in your power to maintain our high 
traditions and to promote the aims denoted in our Royal Charter. 


It is fair to presume that the answer we should always 
wish to give to this charge would be to serve engineering 
in the best possible capacity and to take every possible 
opportunity through service to the community to 
emphasize our usefulness, actual and potential, to man- 
kind, our neighbour. 

The matter of service is a really live issue, and I may 
take this as an opportune moment to tell the Council 
that the general body of members were very appreciative 
of the action that was taken by publishing in the Journal 
a recent editorial which dealt with the duties of our 
members to the public and the desirability of all those 
who are qualified being known as ‘Chartered Electrical 
Engineers’; on this I am sure we agree. 

May I say a word at this juncture to those who have 
authority on the matter of designations, that it is my 
earnest wish that sound sense should prevail when 
creating a name or title for an occupation or appoint- 
ment. Some of the titles that one meets, particularly in 
heavy engineering, are fantastic and do not subscribe to 
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dignity or status. My experience teaches me that many 
of the persons described as sales engineers or managers 
are acting in an advisory and consulting capacity on 
schemes of importance, but the very fact that the term 
‘sales’ is used in their title reduces their chances of an 
unprejudiced hearing. It will always be the aim of those 
responsible for the membership of this Institution to 
assess fairly the worthiness of those who seek to be 
included in our ranks; therefore let us help all we can 
when we are creating names and titles intended for 
association with the term ‘engineer’. 

Again we have the recently published report on 
‘Engineering Education in the Soviet Union’, which 
brings to light several interesting comparisons of engineer- 
ing practice as between our two countries, none more 
illuminating than that of the favourable assessment that 
is given to scientific and engineering services in the 
Soviet Union and that the indispensability of tech- 
nologists shows itself not only in their remuneration, 
whether in the form of salaries or wages, but in the civil 
respect and social standing that the performance of 
their duties earns. 

Let us for a moment consider things as we find them 
to-day and assume that a young engineer is competent 
and chartered. How best can he engage himself to give 
of his best and at the same time to play a full part in our 
national life? 

How are we in this country to deserve the place in the 
community’s life that the engineer should fill? I submit 
the thought, ‘by our becoming joints and hinges to a 
greater and more comprehensive social responsibility’. 
With us as the joints and hinges, doorways and openings 
would be swung open and the world be better for our 
pivotal contribution. Let me mention a few avenues 
through which we might walk with justification and 
confidence and for the common well-being: 


A cultivated respect for arts and the humanities. 

A keener regard to social responsibilities. 

A deeper appreciation of the Press. 

A studied use of broadcasting in the form of talks, documentary 
and even entertainment. 


Not many months ago Lord Chandos was reported in 
the Press to have warned engineers that the humanities 
must not be neglected, that the art of conveying ideas was 
not often possessed by scientists and mathematicians, 
and that when it had been the result was remarkable. 
This forthright statement, coming from a leader of 
industry, is refreshing. In this thought lies great encourage- 
ment, but, what is more, a release from the old accepted 
régime that engineers should always remain engineers, 
never to wander from the straight and undeviating line: 
I feel certain he meant all this—to follow this advice 
would be to perform a fuller duty. 

Boiled down to plain fact, many people adopt the 
attitude that between science and the humanities there 
is a great gulf fixed, instead of contributing freely to the 
generosity of good social relationship from which all 
would benefit. It is a fallacy to suppose that a training 
in the applied sciences somehow unfits its owner for the 
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appreciation or performance of the arts. There have 
always been poets and artists and writers in the ranks of 
the scientists, as indeed previously we have had Leonardo 
da Vinci, Galileo and others. In a proper world to which 
we would all love to contribute, the engineer is entitled, 
if gifted that way, to be well-skilled in the liberal arts; 
there is no reason why engineering and polite learning 
should not go together, or even be the exclusive preserve 
of an élite; in truth it is the people’s—yours and mine. 
I would like to quote an illuminating passage written by 
Dr. Julian Huxley, which was also quoted in our Journal 
in April 1957: 


I would say that the real problem to-day is not that of linking up 
a separate field of study called classical culture with modern culture, 
including scientific thought, but that of introducing the historical 
approach into all studies. In this way the role of the classics in the 
development of human thought and feeling becomes clear, but in 
addition science is seen not merely as a static collection of facts and 
principles, but as a developing adventure of thought. In other words, 
Humanities and the Sciences could come to be regarded as part of 
a comprehensive humanism. The history of man is the progressive 
realization of new possibilities, and this applies both to literature 
and the arts and to science. 


Within the next few years most universities must 
grapple with the problem of removing the risk of two 
broad groups of bodies continuing to exist as mutually 
unintelligible and unneighbourly sections of the com- 
munity. It may be that the responsible committee which 
deals with the training of graduates would like to play a 
leading part in this important investigation and possibly 
as a result to include as part of the graduates’ education 
at least a study of the history of our own industry in the 
light of our contribution to humanity and, what is 
important, emphasize the value of knowing something 
of our own family. 

‘The Humanities must not be forgotten in the all-out 
drive for the expansion of technical education’, warned 
Lord Hailsham, when Minister of Education, in a recent 
circular to education authorities and principals of tech- 
nical colleges. Students should learn something of the 
history of their particular science or technology, and the 
depth of its social and economic impact on human 
society. Many branches of science offer excellent oppor- 
tunities for deductive reasoning, and more use should be 
made of these in group discussions. The responsibility of 
fostering a liberal outlook rests not only on teachers; 
examining bodies should be concerned with giving a lead 
on the addition of non-technical subjects to part-time 
courses. ‘It is encouraging to note’, said the Minister, 
‘that certain professional institutions are showing interest 
in ways in which the content of the courses for their 
examinations may be broadened. It will be of considerable 
encouragement to the colleges if this desirable lead is 
followed by other institutions.’ 

One of the humanities is history; may I, therefore, 
plead that consideration might be given to the com- 
pilation of a general history of our industry, not an 
account of dates, biographies, excerpts, etc., but a moving 
picture based on the traditions of our industry. You may 
ask why I, an ordinary utilization engineer, make this 
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request: it is because I believe that much of the inability 
of the general public to grasp the significance of our 
profession lies in ignorance, and we and they are the 
sufferers by this failure to appreciate the feats and 
achievements of engineers and their contribution to 
modern civilization; furthermore I must confess to not 
knowing as much as I ought to know myself. If one 
examines the catalogues of the leading book publishers 
it is most surprising how little is to be found on the 
history of engineering and particularly is this the case 
in school literature. A few years ago Mr. B. L. Metcalf 
presented to The Institution ‘A History of a Century of 
Electrical Engineering’. His work was naturally limited 
to the time at his disposal and the space available in our 
Journal, but it was evident that he had only touched on 
the fringe of the history of our industry, and I am certain 
that his task was made all the more difficult because of 
the lack of availability of reliable information. 

To-day engineering has, more than ever before, a direct 
bearing on the life of the people which often and in 
many respects exceeds in its impact the argumentation of 
the politician at Westminster. Every boy and girl in the 
schools of this country should know something of the 
history of electrical engineering; that history is at least 
as important as the histories of wars and governments. 
History is regarded as a reference to the past, it can also 
be a guide to the future. Which of you in your school- 
days was not driven from all interest in the histories of 
our respective countries by the long lists of rulers with 
the dates of their births, accessions and deaths; the 
statistics and results of battles and other details which 
had neither interest nor utility. History is not a pageant 
of personalities, it is a study of the evolution of a science 
or people, or both, and I believe, without labouring this 
point further, that an accepted book on the history of 
electrical engineering would contribute very effectively 
and substantially to the desire that we all feel, i.e. to 
obtain a greater awareness of the services our profession 
gives, and can give, to the community. 

What should be our attitude to social life? For my 
example I will take the activities of that small, unofficial 
group of scientists and philosophers who met in Bir- 
mingham in the late years of the 18th century—the 
Lunar Society. This Society is of special interest in that 
it provided the essential environment where men of 
genius and capacity were able to get away from their 
natural bent and tendencies, to discuss poetry, religion, 
arts and humanities, music and science, and in that way 
were able to indulge in the exercise of universal inquiry 
which was to their mutual benefit. This Society kept no 
records of its meetings, but scanty notice of its pro- 
ceedings has been gathered from hearsay and corre- 
spondence of its members. A full list of members has 
never been available, but it is known that the following 
were regular attenders: 

Matthew Boulton, F.R.s., mechanical engineer and partner of 
James Watt. 

James Watt, F.R.S., inventor. 


Dr. Erasmus Darwin, F.R.S., physician and poet. 
William Murdoch, mechanical engineer and inventor. 


578 


Josiah Wedgwood, prince of potters. 

William Herschel, King’s Astronomer and musician. 
John Smeaton, of Smeaton Club fame. 

Joseph Priestley, discoverer of oxygen. 


As the century drew to its close this Society was sub- 
jected to great embarrassment and it gradually dissolved, 
its members dropping off one by one. The Society did 
not, however, die; it had stimulated inquiry and quickened 
the zeal for knowledge of all who had come within its 
influence, and its spirit diffused and propagated itself in 
all directions. 

Indeed it is most interesting to hear that throughout 
the country there is a growing appreciation of the good 
that comes from meetings where free ranging discussion 
is tempered with good meat and wine. There is much to 
be said for this, provided the college professor dines with 
the student, the works director with the apprentice, and 
that men behave as if they were humans. Was it not Pope 
who said, 


Here let us feast and to the feast be joined 
Discourse, the sweeter banquet of the mind. 


It is my belief that these men issued a challenge at that 
time to the engineers of their day, a challenge which was 
founded on rational behaviour, endeavour and just 
reward; but it was not taken up, neither has it been 
heeded since, and as result we now find ourselves landed 
in a world of specialization, arts and crafts, humanities 
and science, having their own independent faculties, 
secluded by barriers of their own design and specification. 

Again I would say it would be impossible to give full 
measure to the influence that the members of the Lunar 
Society had on even our present-day life. My regret is 
that in the centuries that have passed we have not tried 
as we might have done to emulate their breadth of 
knowledge and experience. 

As a matter of interest let us examine the make-up of 
the membership of the best social club in the world. 
In the Mother of all Parliaments the number of engineers 
as opposed to company directors and executives is 
startlingly small. A very rough check of the interests and 
occupations of our present House of Commons gives the 
following results: 


20 Company managers. 46 Journalists. 
64 Company directors. 36 Farmers. 
93 Barristers. 27 Teachers. 
50 Members of the Services. 5 Engineers. 


Does it give you confidence when you realize that in 
their hands lies the authority and responsibility for 
Britain’s electricity and nuclear power schemes of the 
future? What of Corporate Members of this Institution? 
Three out of the five M.P.s who are engineers are in this 
category. At the moment their politics do not interest 
me. It is obvious that, denied other opportunities, they 
had to burst out somewhere. Social life gave them their 
opportunity, and we as a profession, and with us the 
community, are the better for their endeavours. 

In local government we show up even worse; few are 
the Chartered Engineers who show any interest in 
municipal affairs; our influence in local social life is 
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far less than it should be. Ours is an important section 
of the community; if our interest is not represented then 
the community is the poorer through the deprivation. 
What can we do to remedy this loss? I venture to suggest 
that, like charity, we start at home and make our friends 
aware of our desire to serve and of our wish to participate 
fully in the duties of ordinary citizenship. 

Not long ago I stood on the steps of a local institute 
where I met a very important member of an engineering 
organization. He volunteered the information to me that 
he was that evening joining an elocution class, but for 
Heaven’s sake he begged me not to let anybody know. 
Here was a university trained engineer who realized an 
omission in his training and was taking the necessary 
action to repair that omission, but doing so with timidity 
and fear lest his action be regarded as a joke. My friend 
attended that elocution class for one session, and, believe 
me, when I heard him propose the toast of ‘Kindred 
societies and friends’ some few weeks ago I was glad to 
acknowledge him as one of my own profession. He did 
us good, he had created a good impression, he was our 
contact with the community. 

I wish more of us would interest ourselves in the art 
of conveying ideas, as Lord Chandos put it, and in the 
practice of speech-making—it is one of the humanities, 
it is oratory. Oft-times in committees when we have 
been considering papers you will hear the criticism that 
the subject-matter is good but the paper has been badly 
written. I venture to state that there are far more good 
papers well written but badly delivered than there are 
papers that are originally wanting in composition. The 
person who undertakes the task of writing an essay or 
paper is usually an educated man, but speech-making, 
unfortunately, is not usually part of one’s education. 
Speech-making is the artistic form of personal com- 
munication. It involves tone and voice inflections to help 
lead the listener through the experiences the speaker 
wishes to convey. I recently attended a convention to 
listen to a symposium of papers; it was a devastating 
experience. Speaker after speaker said his piece without 
change of tone, inflection, tempo or rhythm. One almost 
prayed for the persuasiveness of a Churchill, the humour 
of a Radio Doctor or the Welsh ‘hwyl’, which has placed 
so many Welsh people safe in heaven and made its 
presence felt in the House of Commons. Please do not 
think me unkind when I say a little study in elocution or 
attendance at my friend’s speech-making class would 
alter all this and make us ever more effectual in com- 
municating our ideas in public. Let us admit it, our 
meetings can be dull, and it is up to us to exploit every 
avenue possible to attract our members, this for our 
own individual and mutual benefit. The attendance at 
the Centre meetings of The Institution, whether they be 
General, Group or Section, is not what it might be. 
I sometimes wonder whether, when one considers the 
number of members who reside in the London area, even 
the attendance at meetings held in this theatre is as 
flourishing as it might be. I am left wondering whether 
with better reading and better speech-making a greater 
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interest and enthusiasm would be shown by our members 
in all parts. 

The procedure followed at our meetings has not 
altered in the last half-century. Are our methods stale? 
Would our attendance increase and our standard of 
discussion rise higher if we had trusts or panels? Would 
written communications recited or read by a professional 
reader give colour to the proceedings? I feel this matter 
is worth a ‘probe’ by the appropriate committee if only 
to gain the satisfaction that everything possible is being 
done in respect of the general body of members. 

Now let us turn to the Press and see if we can evolve 
some new stimulant which may help in closer contacts 
between engineering and the public. For the purpose of 
my remarks I propose to divide the newspapers pub- 
lished in this country into three classes—the technical 
Press, the provincial Press and the national Press. There 
are, of course, the journals of institutions, associations 
and technical societies which record the transactions of 
their respective bodies. Their circulation lies within the 
compass of their own membership and their objectives 
and value are domestic. Since we are considering our 
relationship with the outer world we will neglect the 
valuable work they do and the contribution they make 
to literature, and dwell on the three types of newspaper 
previously mentioned. 

All must run for profit, and to do this there are two 
sources of revenue, subscriptions and advertisements. 
I think it is fair to say that, as a profession, industry or 
trade, we have an excellent consortium of technical 
journals. Advertisement is dignified and well balanced, 
but what is most important is that, by and large, the 
consensus of editorial opinion lies in the desire to be 
impartial on all political and economic issues. 

It is in the field of the provincial and national Press 
that we require to work, because they are in contact with 
the general public. From inquiries that I have made I find 
that engineering journalists have found their work 
difficult and that it is doubtful if there is one who gives 
the whole of his time to engineering. In the better-class 
newspaper, which appeals to the intellect and not to the 
emotions, you will always find regular features which 
deal with art and architecture, painting and photography, 
prose and poetry, music, but only rarely with engineering. 
I think that much of the fault lies at our own doorstep 
in the fact that we have not developed a firm sense of 
relationship with the Press, and as a result we are just a 
race apart to editors and reporters. 

A quarter of a century ago it required special ability to 
produce a lengthy series of interesting articles; that is 
not the case to-day. We are no longer a nation of shop- 
keepers; to-day we are the greatest engineering nation 
in the world; surely some attractive and exciting stories 
could be told from our book. In my youth, articles on 
engineering in the Press were written by professors, 
lecturers, principal engineers and others who received 
fair remuneration from other sources, but to-day our 
hope lies in the services of men who would undertake to 
write in a simple way, to adopt a style free from jargon 
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and technical terms, endeavouring to present a news 
story more than a descriptive article or tabulated figures. 
It is well to remember in this respect the words of Evelyn 
Waugh, ‘News is what a chap who doesn’t care much 
about anything wants to read’. 

It is true that our voice is heard at the right time and 
in the right place on the matter of education and training, 
and on the safe usage of electricity as exemplified in our 
Regulations. I submit to you the opinion that better 
public relationship is a matter to which we could give 
some thought in this Institution. In this respect I would 
commend to you the excursions made by other professions 
into the modern Press. Samuel Smiles, in his volumes on 
engineers and their work, would call a bridge an ‘engineer- 
ing achievement’: nowadays it is more likely to be called 
‘a charming, lovely example; a beautiful piece of archi- 
tecture’. Further, have you noticed how illumination is 
now a feature of architecture? It is rapidly being divorced 
from engineering, accompanied by strictures from a 
Past President of the Royal Academy. All this is due to 
a closer walk with the elements that make for public 
relationship, and I know of no greater asset in our aim 
to a fuller understanding of our work than the power of 
the Press. It is good and proper that a healthy authority 
be given to our own Journal and Proceedings; this, how- 
ever, should not be at the price of failing to capture the 
attention of the larger audience personified by the Press. 

Reverting again to the theme of this Address, I would 
like to refer to our association as an Institution with the 
new Colleges of Advanced Technology which have been 
instituted in this country in accordance with the Govern- 
ment White Paper entitled ‘Technical Education’. These 
are no longer solely the responsibility of the local educa- 
tion authorities, and it is pleasing to observe that strong 
governing bodies representing education, commercial, 
industrial and professional interests have been established 
to administer them. There can be no doubt that the 
Ministry of Education has exercised great care in the 
selection of these interests. It is already obvious that 
there are certain prejudices to be worn down and pre- 
determined opinions still exist: it has, however, given to 
us, as a professional body, additional responsibilities 
which we must exercise bearing in mind at all times the 
welfare of engineering and of the technologist, technician 
and craftsman of the future. Let us remember that in the 
starting of something may be great merit; in the practising 
and perfecting of the same there lies the greater glory. 
It may well be that the next five or six years will be a 
period of unwelcome restraint for many of our univer- 
sities. We should therefore dedicate ourselves to this 
new and accepted form of education with resolution. 

It is reassuring that our relations with the new Colleges 
of Advanced Technology are already the concern of a 
standing Committee of the Council; the time may come 
when a special committee will be needed to deal 
exclusively with them. This committee would deal with 
the interchange of views and reports of governors repre- 
senting The Institution, advice on courses of instruction, 
policy or any other matter relevant to our members. 
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It is when the best elements of art and science combine 
that we witness true attainment and achievement. What- 
ever one’s taste, whether it is the ballet at Covent Garden, 
the musical comedy at Drury Lane or the drama at the 
Shakespeare Memorial Theatre, all are the better for the 
work of the lighting engineer and the acoustics engineer, 
In medicine and surgery we honour our brilliantly gifted 
and sacredly dedicated surgeons, but let it not be for- 
gotten that the assurance of success in many wonderful 
feats accomplished in the operating theatre is due also 
to the carefully installed Samp fuse which safeguards the 
equipment used—a fact that rarely comes to the attention 
of the general public. 

Reference to the theatre leads me to another plank of 
the stage of social relations—the B.B.C. No one con- 
tributes more to the success of this great educational 
force than the electrical engineer, but has he used this 
medium as fully as he should to spread the gospel of 
engineering? 

My mind goes at once to the programme ‘Animal, 
Vegetable and Mineral’, in which by the brilliance and 
engaging personalities of one or two archeologists, old 
bones, cracked china and other relics are given new life, 
Make no doubt these men believe that the survival of 
civilization depends upon the recognition we give these 
embryo specimens and how we respect the arts and 
science of the early builders and founders. They do the 
job really well, and it is rated one of the most popular 
programmes over the air. I have no criticism of this 
broadcasting feature, which I find particularly entrancing, 
but reference to this example helps me to put forward the 
suggestion that we should be using this medium for the 
education of the general public in engineering matters. 

I can think of several samples of equipment which play 
an important part in our domestic life on which the 
average man and woman would appreciate enlightenment, 
The meter which measures the consumption of light and 
power; the clock that counts away the hours of our lives; 
the ignition coil or magneto which controls our motor- 
cars. With the use of simple apparatus, drawings and 
sketches in the hands of a few engaging personalities well 
skilled in the art of teaching, these would make very 
attractive programmes giving interest to the viewer who 
would otherwise remain ignorant. 

A civic trust has recently been founded for the 
encouragement of good architecture; this body will do 
a considerable amount of its work by means of television 
programmes and exhibitions. Our Charter provides for 
the use of exhibitions; our experience and spirit should 
now lead us to adopt to the full this new means of 
education. We cannot afford to be conservative, for 
developments in engineering are going ahead. 

I now come to my last joint or hinge, to refer quickly, 
though very respectfully, to the employment of women 
in engineering. The reference in the recent report on 
‘Engineering Education in the Soviet Union’ has given 
rise to much speculation as to how we should meet this 
new challenge, if it be considered a challenge. As with 
the adoption of most new ideas, the trouble does not lie 
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in the formulation of new laws and customs, but in the 
burial of old rights and traditions. We do not need the 
spur of foreign examples; our aims should be to strengthen 
the foundations of our economy, to improve the standards 
of living of our people and to make the world a better 
place to live in. To this end I ask, Why should women 
not get on in the same way as men? It has been an 
accepted opinion that with women their profession is 
only a state of transition which will be ended by their 
marriage. With this in mind parents are not willing to 
make the same financial sacrifices for the daughter as 
they would for the son, and education authorities 
and employers have been reluctant to risk money and 
opportunity, feeling that there was little return likely on 
their investment. 

We cannot completely ignore this argument, but surely 
the world has changed and the question is not whether 
we require women in engineering but very emphatically 
whether we can do without them. We must not treat this 
question of employing women as if it were new; other 
professions have benefited from their gifts and talents, 
and we would do well to remember that even at this date 
our profession is not very favourably placed in regard to 
choice by the members of the fair sex. Engineering was 
once labelled by a well-known politician as ‘a very dull 
existence’. If then, since that utterance was made, we 
have changed our look to be sufficiently attractive to 
educated women, then I say away with the hostility of the 
early years of this century and let us give the ladies their 
place in our profession. In an age of such variety of 
beautiful materials, colours, textures, etc., which can be 
applied for industrial and commercial use that is crying 
out for brightness and variety, I know of no one better 
able to cope with this demand than woman. The fact is 
we face an intense and rising demand for engineering 
man- and woman-power. A sanguine and sane outlook is 





called for in the universities, colleges and professional 
institutions interested in careers for women. I cannot 
imagine that there will be any difficulty in training girls 
for special work in particular industries; neither should 
there be any obstruction in the way of their attaining 
the highest rewards that industry offers. 

And now to conclude: I cannot help feeling that you 
must have considered this Address a distinctly unusual 
one. Whenever I do anything that is unusual I think of 
William Cowper when he wrote on ‘Conversation’, 


Though syllogisms hang not on my tongue 

I am not surely always in the wrong. 

’Tis hard if all is false that I advance 

A fool must now and then be right by chance. 


I hope it will be obvious to you, however, that I have 
treated this discourse with great sincerity. The social 
side of our calling has appealed to me throughout my 
life, and I am convinced that it is the neglect by engi- 
neers of their obligations in this respect that has left the 
community in relative ignorance of our achievements. 

I must confess I have no sympathy with the ‘civil 
warfare’ that one sometimes witnesses in professional life. 
It is the philosophy of ‘who you know’, not ‘what you 
know’ that wins in public relationship. Therefore let us 
go out and get to know as many people as we can, and 
that soon. When the names of Faraday and Shakespeare 
are equally honourable in your household then electrical 
engineers will have established a proper knowledge of 
their work. But please do not forget that the call of duty 
is for those who have arrived on the heights as well as 
for those who share common interests but are situated 
on the plains. 

This is a grand Institution; we are proud of it; let us 
dedicate ourselves to the furtherance and fulfilment of its 
aims and objects: let us be ‘joints and hinges’ of the world. 


BRITISH INDUSTRY AT THE BRUSSELS EXHIBITION 


Only five months are left to the opening of the Brussels 
Universal and International Exhibition. There is now great 
activity throughout the site to complete, by the 17th April 
1958, the numerous buildings and exhibits—Belgian, inter- 
national and foreign. Not many of the foreign contributions 
are as well advanced as the British Section, which has a 
topographically excellent site, with trees and sloping ground, 
though it is not as centrally situated as those of some other 
leading nations. On the site will be the British Government 
Pavilion and the British Industries Pavilion, together with 
smaller exhibits such as a Courtyard of Invention, the Court 
of Commonwealth Development, a cinema and two typical 
British inns. The contribution is unique for the Brussels 
Exhibition in having two separate main pavilions, and it is 
notable that the British Industries Pavilion—a fine example 
of exhibition architecture, shown here under construction— 
has been financed entirely by industry itself, the arrangements 
being in the hands of the F.B.I. 

The electrical exhibit in the British Industries Pavilion, 
which is organized by the B.E.A.M.A., will be the largest 
single exhibit, occupying an area of 5000sq. ft. The exhibit, 
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which comprises three ‘Chambers of Energy’, will cover the 
generation, transmission and distribution of electricity, both 
heavy- and light-current applications in industry and in the 
home and other applications such as traction and medicine. 
A special section will emphasize the British electrical industry’s 
contribution to oversea development.There will also be a large- 
scale model of a nuclear power station on an adjacent site. 








DIMENSIONS IN DISPUTE... 


A year ago Professor R. O. Kapp read a paper before The 
Institution on ‘ Differences of Opinion about Dimensions’, 
which well illustrated the remarkable divergence of expert 
opinion on the fundamentals of the theory of dimensions. 
The paper was published in the Proceedings, Part B, 
May 1957. The short article that appears below outlines 
some of the arguments advanced by Professor Kapp and 
by some of the speakers in the discussion. Correspondence 
on them for publication in the Journal is invited. 





the Journal emphasized that the theory of dimensions 
is a field in which experts hold widely different views 
with apparent impunity. Most electrical engineers, it is 
true, need not bother unduly about the theory of dimen- 
sions, but they may benefit from stopping on occasion to 
think about it, in relation to the fundamental electrical 
quantities. The meeting at which Professor Kapp’s paper 
was read provided such an occasion, and that the 
eccasion was to be a controversial one was apparent from 
the title of the paper. The disagreement was clearly 
underlined when, taking length (L), mass (M) and 
time (T) as accepted fundamental dimensions, Professor 
Kapp listed no less than six schools of thought on simple 
derived dimensions, as shown in the table. 
The differences, he contended, were extreme and the 
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School of 
thought l Pe 
Velocity Mass Permittivity 
1 LT-! M e or derived, e.g. 
M-1L-3T2Q2 
2 i? M L*TYMz2Z, where 
xX, y, Z are un- 
known 
3 Lr M Dimensionless 
4 iy M in the mecha- | ¢ in the Giorgi 
nical system | system 
L3T-2 in the | Dimensionless 
astronomical | inthe Gaussian 
system system 
5 | a L3T-2 in all | Dimensionless 
systems (cf. 4) | in all systems 
(cf. 4) 
6 L°, when the | Depends on the operation by which 
operation by | the quantity is measured and may 
which the velo- | take the form L* 
city is mea- 
sured causes 
the velocity of 
light to be 
unity 
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schools mutually exclusive; they could not all be right, 
yet they arose from different answers to two funda. 
mental questions: which independent variables ar 
dimensional and which dimensionless, and what are the 
correct equivalents of the dimensional ones in terms of 
fundamental dimensions ? 

The disagreement between schools extends to the 
criteria by which one can decide the dimensional status 
of a given independent variable. Adherents of School 4 
say that it depends on the choice of unit for the quantity, 
those of School 6 on the operation by which it js 
measured and those of School 2 on its physical nature, 
contending that the values of x, y and z in column 3 of 
the table will be known when the physical nature of 
permittivity is better understood. 

But none of these criteria, says Professor Kapp, is 
compatible with the use of letter symbols for the quanti- 
ties. A letter symbol denotes an aspect of the quantity 
that is independent of the choice of unit, the magnitude 
of the quantity in any particular example, the operation 
by which it is measured, and its physical nature. It is 
impossible to take seriously the suggestion that such 
matters must be known before one replaces the parent 
equation by a dimensional one, checks the indices, or 
does any of the things for which dimensional theory 
has been devised. One may ask whether there is any 
scientific criterion by which some category of independent 
variable becomes dimensionless. May it be that indepen- 
dent variable and dimensional quantity are synonyms? 

This is universally denied for a ratio, but its algebraic 
presentation does not support the denial. A strain s is 
the ratio of an extension /, to the original length /,, and 
can be written 


s=> ALD = (slz)Jl> = si? =S 


Therefore a ratio cannot be replaced by a power of the 
quantity of which it is a ratio. ‘Irreplaceable’ has been 
translated into ‘disappears’ and so students are wrongly 
taught that a ratio is excluded (by definition) from all 
dimensional equations. 

The loose thinking that leads to this conclusion has 
led to the theory that both permittivity and specific heat 
are dimensionless. This view was the basis of School 
3, but is now replaced by Schools 4 and 6, which 
claim these quantities to be dimensionless only when 
the reference quantity is obtained by measurement in 
vacuum or water. Such reference quantities are declared 
to be natural units. One might almost think that Nature, 
at one time said to abhor a vacuum, is now believed to 
adore one. The notion, however, that the specific heat 
and density of water provide natural units is not so easy 
to understand, for one can hardly suppose that any 
scientist attributes to Nature a preference for distilled 
water at 4°C over other more palatable distilled liquids. 

Schools 4, 5 and 6 reason that, in an astronomical 
system, the dimensions of mass are L3T~2, but it is easy 
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to show that they have made an error in elementary 
algebra, in equating the first power of the gravitational 
constant with its zero power. 

Another error, says Professor Kapp, is made by the 
supporters of School 2. It is well known that the product 
of permittivity and permeability is the reciprocal of the 
square of the velocity of light in the medium in which 
these quantities are measured, which gives 


B == kio-2T2e-1 
If one could replace « by M*L”T’, one would write 
p= kM-*L-@+»)T@-2) 


but it can be proved experimentally that this equation 
holds only if x, y and z are zero, and the medium is thus 
one of unit permittivity. 

The general equation for any area bounded by /; 
and /, at right angles is A = ol,/,. When /, = 1, = d, 
convention has it that o shall be 7/4 for a circle and 
| for a square. But convention might have chosen 1/16 
for a circle, giving r?/4 as its area; measurements of area 
would then be unrationalized. One would have written 
for the area of a sphere, and have arrived at a coherent 
unrationalized system of electrical units. As it is, the 
rationalized system is both conventional and coherent, 
while the unrationalized system is conventional but 
non-coherent. In Professor Kapp’s view, if this had been 
appreciated, much irrelevant argument about rationaliza- 
tion would have been avoided. 

Certain quantities in equations are commonly called 
dimensionless constants, but they are neither dimension- 
less nor constant, for they vary with physical circum- 
stances. There is no scientific reason why any particular 
independent variable should be excluded from repre- 
sentation in dimensional equations: the only valid reason 
for exclusion may be that it does not vary often enough 
to justify its inclusion. Those who conducted their 
electrostatics experiments in air found no advantage in 
treating permittivity as dimensional, but when the 
properties of dielectrics came to be studied intensively, 
permittivity acquired a new importance, and can now 
figure usefully in dimensional equations. Similarly, those 
who conduct their experiments with coils of one turn are 
comparatively indifferent to the effect of turns on 
equations in which they occur; and those who argue for 
or against including turns among the dimensional 
quantities merely indicate the nature and scope of the 
experiments in which they are interested. In short, 
Professor Kapp concludes, it is convenience, not science, 
which determines the contents of dimensional equations. 

A definition of convenience can hardly be found, and 
itis better to avoid the pedantry of definitions. It suffices 
to note that any independent variable may be admitted 
to the select circle of dimensional quantities once it has 
undergone certain initiation rites: it must receive a name 
and a letter symbol; its unit must be defined and that, 
too, must receive a letter symbol; and it must prove 
itself a good servant to the scientist. Then, and only then, 
should it be promoted to dimensional status. 
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Professor Bradshaw, who opened the discussion on the 
paper, believed that the author had made a good case for 
the admission of more fundamental dimensions than were 
commonly thought necessary, although some order of 
precedence seemed advisable. He favoured extending the 
concept of length to embrace 3-dimensional space, and 
cited the suggestion made by Mr. Young in the Journal 
that dimensional status should be given to L,, L,, and L,, 
together with plane and solid angle. 

Professor Dingle challenged the author’s replacement 
of an algebraic by a dimensional equation on the 
grounds that one represented a physical relation and the 
other the processes of measurement used in obtaining it. 
He contended that Planck’s proposed dimensions for 
mass could not be proved wrong by experiment, since 
only a physical relation could be so discredited; the 
gravitational constant did not arise, so that the ‘crude 
error’ involved in dismissing it was Professor Kapp’s for 
introducing it. Finally, he denied he had ever attached 
the significance to a vacuum which the author implied. 

Referring back to the correspondence on the unit of 
permeability, Professor Cullen suggested that, if a metre 
cube of free space were filled with plates so connected 
that all the condenser cells were in parallel, the unit of 
permittivity would, by analogy with permeability, be the 
farad per metre-cell-squared. He did not advocate either 
inclusion or omission of turns-squared or cells-squared; 
he merely wished to show that the technique of increasing 
the inductance of a coil had its dual in capacitance; thus 
permeability should not be made to appear unique. 

Starting from a consideration of the attraction between 
two bodies in free space, Dr. Chapman developed the 
thesis that every system of units which included an 
arbitrary unit of mass had its own unique gravitational 
constant; and since the engineer neither needed nor 
wished to use a unit of mass derived from the law of 
gravitation, he could discara the gravitational constant G 
altogether and use an arbitrary unit of mass, with his 
(already arbitrary) units of length and time, as a basic 
unit. Similarly, in electrical science the factor x» could be 
shown to have no physical significance, although it could 
not be discarded by the working in the M.K.S. system. 

Dr. Burnston Brown denied that he was an adherent 
of School 5, for we could not do without M by expressing 
it in terms of L and T, although taking M = L3T~2 
threw some interesting light on certain relations in 
physics. He backed Professor Dingle’s attack on the 
replacement of algebraic equations by dimensional ones. 
L° was not 1, and G! = 1 = G9 was not true in either 
his system or Planck’s. 

Both Mr. Connelly and Mr. Russell believed that 
confusion arose because of the two meanings attached to 
the term ‘dimensions’—physical concepts and units; 
Mr. Connelly suggested ‘functional equation’ as the 
better description of the relationship between physical 
quantities, while Mr. Russell believed that ‘dimension’ 
need have nothing to do with size or measurement, 
contending that the assembly of symbols ordinarily 

(Continued on p. 616) 
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The Interpretation of 
Scientific Experiments 


001.8: 003.6: 311 


This short article by Dr. West, of the University of Man- 
chester, has been occasioned by the publication a few 
months ago of an unusual British Standard: ‘The Reduction 
and Presentation of Experimental Results’ (No. 2846: 
1957). The Standard is unusual in that it is published as 
the work of one author—Mr. J. T. Richardson, of Imperial 
Chemical Industries Ltd.—and that it is a guide rather 
than a specification. The Technical Committee on Statisti- 
cal Methods (Standardization and Specifications) of the 
B.S.I. (on which The Institution is represented) arranged 
for this Standard to be written and, after revision, approved 
it, because ‘there is need for a concise statement of generally 
accepted procedures for reducing and presenting the results 
of experiments in all scientific and technological fields 
and . . . this document by Mr. J. T. Richardson admirably 
meets that need’. Although most of the recommendations in 
B.S. 2846 presumably stem from Mr. Richardson alone, few 
people are likely to disagree with them, and they ought to 
be widely read by engineers engaged in experimental work. 


JOHN C. WEST, D.SC., ASSOCIATE MEMBER 





HE sixteenth century saw a revolutionary change in 
the outlook of scientists; a change from speculative 


philosophy to experimental observation. This can 
best be seen by a quotation from De Magnete published 
in 1600 by William Gilbert (1543-1603), one of the first 
of the great experimenters: ‘In the discovery of secrets 
and in the investigation of the hidden causes of things, 
clear proofs are afforded by trustworthy experiments 
rather than by probable guesses and opinions of ordinary 
professors and philosophers.’ This new down-to-earth 
outlook immediately brought rapid advances in scientific 
knowledge. By dropping objects of various weight, 
Galilei showed up at once an Aristotelean fallacy. This 
led direct to the whole of our modern knowledge of 
kinetics. One sees historically a rush in the invention and 
design of instruments. The astronomical telescope, again 
constructed by Galilei, was used for experimental verifica- 
tion of the Copernican planetary system in opposition to 
the Ptolemaic idea of the earth as the centre of the 
universe. The developments of the measurement of time 
stem largely from the discovery of the properties of the 
pendulum. 

In spite of the development of instruments, many of 
the major scientific steps were achieved by observations 
of a relatively crude nature. It is only a little over 100 years 
ago that Faraday set out expressly to ‘convert magnetism 
into electricity’ (noted in his commonplace book, 1822). 
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His discovery of induced e.m.f—‘I think I have got 
hold of a good thing, but I can’t say; it may be a weed 
instead of a fish . . .—needed many observations to 
convince himself. In all, Faraday’s notebooks revyeg| 
16041 experimental observations. 


To-day laboratories are filled with complicated 
measuring equipment, some of which can achieve 
phenomenal accuracy, and there is in some ways a 
danger of retarding investigation and research by 
delusions of the accuracy required. The use of electronic 
digital computers which deal with numerical problems 
to any desired degree of accuracy again raises the old 
question in modern guise as to how accurate need be any 
particular piece of work. The legal aspects of accuracy 
give no help. The International Ampere—a legal standard 
in the United Kingdom from 1910 to 1948—for example, 
which for simplicity was intended to be a tenth of an 
electromagnetic unit of current, was defined in terms of 
deposition of silver. Naturally this could not be done 
without error, and the ratio of the actual International 
Ampere as defined, to the value intended in electro- 
magnetic units, is now quoted as 0-99986 with an error 
+0-00004. (The International Ampere now has no legal 
or international significance, and is mainly of historical 
interest.) 

The last twenty years have seen the growth of the new 
science of automatic control. Much of the research in 
this field has been achieved using individually built 
analogue computers and simulators claiming no better 
than +2% accuracy when pressed. 

In making an observation two sorts of error creep in, 
the accidental and the systematic. This latter error must 
always be catered for and a sequence of modified readings 
designed to cancel out the error. For example, a compass 
needle may not have its magnetic axis in alignment with 
the geometrical axis. This can be allowed for in the 
laboratory by turning the needle over and by remagneti- 
zing in the opposite direction, and so on. The accidental 
error is a random component, and here repeated observa- 
tions coupled with a small amount of statistical know- 
ledge can help. It is assumed that there is in fact an 
accurate value of the observation being made. Often this 
is not so; on the atomic scale owing to discrete particles 
and charges there is a limiting sensitivity of instruments 
because of the noise disturbance, whereas on the macro- 
scopic scale the inability to control the series of experi 
ments, so that all are identical, may be the limitation. 
For example, the electric strength of apparently identical 
insulators has scatter due to imperfections of production, 
surface finish, etc. The engineer has to introduce a safety 
factor to allow for these possible variations; the less the 
variation in the measurements, the greater the reliability 
of the data from a design point of view and the smaller 
the necessary safety factor. 

At the present time there seems to be a wide disagree 
ment amongst scientists as to how many observations 
must be taken with instruments of given accuracy if 
order to obtain reliable results. The use of the word 
‘significant’ is not well defined. How can one be sure that 
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the variations in observations are in fact not significant? 
In research, testing and development laboratories there 
isa need for the reduction and presentation of experi- 
mental results, a need for a recognized standard or code 
of agreement amongst experimenters: 

(a) So that results can be presented with maximum effect 
with the minimum of data for publication. 

(b) So that neither too many resuits, wasting time and 
effort, nor too few, are used in obtaining the published 
or final result. 

(c) So that a determination can be made of what is a 
reasonable accuracy coupled with the scientific effort 
involved, and what are the confidence limits. 


It should not be necessary to repeat other people’s 
experiments because of lack of confidence in the limits 
of accuracy quoted or because none are mentioned at all. 


The new British Standard on the reduction and 
presentation of experimental results gives rules which are 
recommended for use in the presentation of data for 
reports, including graphical methods, histograms and 
the determination of representative constants. One 
section considers the ‘rounding off’ of arithmetical 
data. It deals with the scientific measure of uncertainty 
by a statistical estimation of the errors involved in the 
measurements. 

Although this new Standard is restricted to the 
problem of only one variable in the experimental observa- 
tions, it nevertheless covers a considerable area of 
experimental activity. General acceptance of the recom- 
mended procedures would mean a saving of time and 
labour for workers, readers and writers in the scientific 
field. 


THE SECTION CHAIRMEN’S ADDRESSES 


MEASUREMENT AND CONTROL 
SECTION 


Meters and Meter Engineers 


The Chairman, H. S. Petch, B.Sc.(Eng.), Member, 
delivered the Address to members of the Measure- 
ment and Control Section on the 8th October 1957. 
Mr. Petch is with the London Electricity Board. 


THE MEASUREMENT AND CONTROL SECTION DEVELOPED 
from meter engineering, which though relatively old is 
still far from being static. But it is regrettable that it 
no longer seems to attract young men, for meter engi- 
neering is a fascinating field of work, offering full scope 
for ability. 

Consumers, accountants, the State, commercial depart- 
ments, and chief engineers are all interested in various, 
and sometimes conflicting, ways in meters. The meter 
engineer is most likely to please if he does an adequate 
job at a minimum cost. This involves obtaining adequate 
meters, meeting the State’s requirements, seeing meters 
are properly installed, changing them when necessary, 
and reconditioning them. A meter, to be adequate to-day, 
must, among other things, have acceptable accuracy, 
withstand reasonable transport, continue to operate 
accurately for twenty years, and then be easy to 
recondition. 

It is suggested that meters delivered with errors not 
exceeding +1-5% have acceptable accuracy, this being 
a reasonable compromise between production costs, and 
the State’s initial and on-service accuracy requirements. 
A meter’s adequacy is chiefly determined by its expected 
accurate life in service. The meter engineer must assess 
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Short summaries of the Addresses of the Chairmen of the 
Measurement and Control Section, the Radio and Tele- 
communication Section, and the Supply Section delivered 
at the opening of the session are given below. The text of 
the Address of the Chairman of the Utilization Section 
appears elsewhere in this issue. 

A long abstract of Dr. McPetrie’s Address will be pub- 
lished in the January 1958 (Part B) issue of the Proceedings, 
and long abstracts of Mr. H. S. Petch’s and Professor M. G. 
Say’s Addresses will similarly appear in the February 1958 
(Part A) issue. 





this, and will look for a number of features, of which the 
register friction and bearing design are most important. 

The bearing problem, explained simply, is: (a) to pro- 
vide substantially frictionless lower and upper bearings 
which will properly constrain the meter rotor against the 
very complex system of forces acting upon it, both when 
it is rotating, and when it is at nominal rest under the 
influence of voltage alone; (b) to reduce the effects of 
wear arising from these complex forces to a negligible 
amount over a 20-year service period; and (c) to prevent 
damage to the bearing surfaces by impact arising from 
normal handling. 

The record of jewel examinations after prolonged 
service indicates that the conventional oiled steel pivot 
and sapphire cup show a failure rate varying from 15% 
to 50% according to the make. The inverted pivot and 
cup, and the free non-oxidizing ball between two sapphire 
cups, show a failure rate of less than 5%. The free-ball 
bearing has other economic advantages. There is still 
much work to be done on meter bearing design. 

It is advantageous thoroughly to sample-test batches of 
meters delivered by manufacturers, both to control 
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consistency, and to determine the best test points for the 
bulk-testing process. 

The State’s requirements for certification, though 
reasonable in the main, are to-day over-elaborate in two 
ways. The recording of every error at every test load on 
every meter wastes time, and should be replaced by a 
random sampling test. The electrical dial test involves 
large test racks and rooms, complicates meters, and 
effectively precludes the use of cyclometer dials, to no 
real purpose. 

There is still no universally satisfactory way of trans- 
porting meters, particularly on the journey from stores 
to consumer. 

From the results of a number of off-circuit tests on 
meters installed for various periods, it seems that, apart 
from some good designs, most meters are causing, on 
the average, about 3 % loss of revenue after fifteen years 
in service. In regard to the total cost of reconditioning 
meters, the cost of changing is too high compared with 
the cost of overhaul. This suggests the development of 
plug-in designs. 

Means have been devised in London to minimize the 
costs of loading and unloading test racks, and connecting 
up. These include combined clamping and connecting 
to movable sprung pins, and the use of voltage trans- 
formers with a large number of secondary windings and 
having negligible errors. 

It is estimated that the 50% increase in productivity in 
meter repairing and testing achieved in London has 
saved £500000 in eight years, as well as giving a better 
product. Experiments to speed up sample testing have 
resulted in what appears to be an improved impulsing 
contact for summation metering. It has also been found 
possible, after some difficulty, to count the revolutions of 
a meter disc by means of a spot of radioactive material 
on it. It is evident from these experiments that it would 
be possible to make a semi-automatic meter test equip- 
ment which would require human aid only to load and 
unload it. 


RADIO AND TELECOMMUNICATION 
SECTION 


Some Radio Aids for High-Speed Aircraft 


The Chairman, J. S. McPetrie, Ph.D., D.Sc., 
Member, delivered the Address to members of the 
Radio and Telecommunication Section on the 
16th October 1957. Dr. McPetrie is at the Royal 
Aircraft Establishment. 


DELAYS TO AIRCRAFT IN FLIGHT BECOME MORE SERIOUS 
as the speed of the aircraft increases. These delays may 
arise from various causes but their reduction to tolerable 
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limits requires efficient communications, navigation and 
air traffic control. 

Communications are of two forms, requiring shop. 
range equipment for use near departure and arrival ajp. 
ports, and longer-range equipment when the aircraft js 
outside these zones. For short-range communication 
military aircraft will before long be equipped with u.hf 
apparatus covering the frequency band 225-400 Mc/s and 
giving the pilot 1 750 separate channels. It is expected that 
civil aircraft will soon require somewhat similar facilities, 
For ranges of between 200 and 3000 miles Dr. McPetrie 
suggests that h.f. equipment using single-sideband tech. 
niques will probably come into general use in the next few 
years. Tests atthe Royal Aircraft Establishment have 
shown that adequate ground/air and air/ground radio- 
telephony using such a system is possible under all normal 
conditions. 

Newer types of navigational aids described by Dr. 
McPetrie comprise Tacan, Dectra, the Doppler Nav 
gator, and the stable-frequency oscillators. Tacan is the 
first single navigational aid to combine the determina- 
tion of both distance and direction of an aircraft from 
a selectable ground beacon. It has a maximum range of 
200 miles and can accommodate aircraft speeds up to 
1500m.p.h. Dectra is a long-range aid designed particu- 
larly with transoceanic routes in mind. It is essentially a 
modified form of the Decca system, giving a series of 
well-defined tracks with ranging determined by comparing 
the phases of the radiation in the aircraft from two 
stations at either end of the link. 

The Doppler Navigator is a self-contained navigator 
which measures the ground speed of the aircraft from 
observation of the Doppler frequency of the ground 
returns from an airborne radar. As the Doppler navigator 
is self-contained, its operation is not dependent on any 
ground facilities. 

The change in distance of an aircraft from a given 
point can be determined by observing the change in phase 
between two oscillators nominally on the same frequency, 
one on the ground and the other carried in the aircraft. 
In order to obtain reasonable accuracy by this method, 
very high orders of frequency stability are required— 


about | in 10° to attain an accuracy of +1km fora; 


period of 1 hour. Such a high frequency stability is not 
realizable with current methods of frequency control, 
but research on using the molecular spectral lines of 
caesium for this purpose is actively being pursued in the 
United States and this country. 

With increasing traffic density and, particularly, 
increasing aircraft speeds, greater radar ranges afe 
required by the air traffic controller. Dr. McPetrie 
describes a method using normal Post Office telephone 
circuits for transferring the radar data to a busy airport 
from a radar set located remotely along a traffic lane. By 
this means the ground controller would have early wart- 
ing of the approach of aircraft requiring landing facilities 
at his airfield. Such processed data could readily be 
recorded on normal magnetic tape and retained tem- 
porarily for further investigation of the air situation in 
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case of any accident. Possibly in the not too distant 
future some such processing of radar data will be exten- 
sively used for the determination of track information 
ofall aircraft approaching major civil airfields. By passing 
this information to an electronic computer, appropriate 
instructions could be obtained for transmission to the 
aircraft so that they could make more orderly approaches, 
involving appreciably less delay in landing than is possible 
with present-day methods. 


SUPPLY SECTION 
Too Much and Too Little 


The Chairman, Professor M. G. Say, Ph.D., M.Sc., 
F.R.S.E., Member, delivered the Address to members 
of the Supply Section on the 23rd October 1957. Dr. 
Say is Professor of Electrical Engineering, Heriot- 
Watt College, Edinburgh. 


THERE IS A PERSISTENT DISPARITY BETWEEN DEMAND 
and supply, between what we need and what we have, 
between what we should do and what we can. 

For his material existence man needs water, land and 
energy. Modern living makes heavy demands on water 
and land, not only for biological needs but for power, 
working space and mineral resource. Examples of life 
based on human and animal power can be found to-day, 
side by side with the highly-developed use of natural 
power. Electrical energy has, until recently, been tied 
largely to terrains rich in coal or water power, but with 
the advent of nuclear energy it has become foot-loose 
and can go anywhere, however primitive. Energy 
demands are racing ahead on a global scale. ‘An indus- 
trial nation needs only two assets to ensure spectacular 
improvement in its living standards: cheap, abundant 
energy, and a virile, resourceful population’, said Lord 
Mills, sponsoring a £5000 million programme of 
generating stations and coalmine improvement for the 
next ten years. What about the next fifty ? 

The world population numbers 3000 million, and 
5000 babies are born every hour. In fifty years’ time, at 
Present rates, the human race will be double its present 
size. This enormous growth adds impetus to the growth 
of energy demand. In 1950 the world used 30000 TWh 
[| terawatt-hour (TWh) = 1 million MWh]. Oil has 
accounted for most of the annual rise of 3} per cent since 
the nineteen twenties. But oil resources, like those of coal, 
are limited, and a future scarcity of both is inevitable. 
Nuclear energy has arrived to fill the gap, but a century 
hence even that may not be enough. 

Our age may come to be known as the Age of Waste. 
Land is being lost, fossil fuels used up, natural materials 
squandered. Because of the methods of conversion, four- 
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fifths of the primary energy used is thrown away. It has 
been said that the total energy consumption in the United 
States since 1850 is equal to the whole of the energy used 
by the world since prehistory up to that date: and 80 per 
cent of it has been wasted. Reduction of waste would 
itself go far to meeting the rising tide of energy need. 

Britain might well make, and should indeed make for 
her own sake, a major contribution to the reduction of 
energy waste. Phenomenal discoveries have been made 
before, as for example by Faraday, to whom it fell to 
reveal more secrets of nature than any other man. Even 
without another Faraday, latter-day Britain has made 
outstanding scientific and technical contributions, for 
example the magnetron, the jet engine, and the first public 
electricity supply from nuclear energy. 

Britain has meagre material resources, but must live 
by exports in a world growing daily more competitive. 
The best export is the idea, the plan, the scheme, for 
these need no material. How are we to encourage 
ingenuity in our young people? 

Engineering is not an easy career. It needs the best 
brains and character. Somehow these qualities must be 
attracted by engineering, against the many counter- 
attractions of easy money and spineless drift. When we 
hear of the gigantic Russian output of trained engineers 
we take fright, and plan an intensification of technical 
training. Much of this is, no doubt, necessary, but it is 
possible to lose the best brains in the process. It is worth 
noting that Russian secondary education is broader than 
our own, and the accusation (often made in this country 
and as often denied) of classical bias does not arise: all 
boys, and girls, work at science as well as humanities up 
to the age of 17, so that the opportunity is always there 
to capture the imaginative youngster who might not 
otherwise have even contemplated the possibility of an 
engineering career. Emulating the Russians may mean 
changes in our educational system, but not necessarily 
all in the obvious direction. 

As a nation we make strenuous efforts to keep going so 
that, in the future, we shall be able to keep going. No 
doubt this rat-race is necessary to survival, but it would 
mean so much more if we understood not only the 
economic, but also the spiritual, necessity. What is it all 
for? This question has always engaged philosophers. Sir 
John Maud uses the word cogmanship to describe a real 
danger—that impersonal relationship of cogs-in-the- 
machine which always threatens an industrial society. The 
present stage cannot last, for it lacks the necessary 
humanist validity for permanence. Work should not be 
a slavery, or even just a necessary evil: it should not be 
only a vocation or self-expression. It ought to be a 
self-fulfilment. 

What will it be like in a century from now? The 
engineer’s mind boggles at the thought, and it would 
need a Verne or a Wells to give an imaginative answer. 
And what we might predict on good logical and material 
grounds may never happen. It may be utterly changed by 
an idea, or a faith, or some quite new (or even quite old) 
enlightenment. 
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Supply Section Summer Visit to Belgium 


Ts year the Supply Section visit was held in 
Belgium, and on the evening of Thursday 
5th September 1957 a party of members and their 
wives, in all about 160, led by Mr. P. J. Ryle, Chairman 
of the Section, and Mrs. Ryle, assembled at the Hotel 
Metropole in Eyussels. A large proportion of our gather- 
ing combined the official visit with a Continental holiday, 
taken either before or after the visit. Some of the early 
arrivals were in time to see two bulldozers starting to 
tear up the asphalt in front of the hotel, as part of the 
refurbishing of Brussels for the great exhibition to be 
held next year. 

Most of the regular attenders were present, but there 
were a few new faces. The Thursday evening was spent 
in renewing old acquaintances and welcoming the new- 
comers. A television set was operating in the hotel 
lounge, but the majority preferred to sample the bright 
lights outside. 

Next morning the men were away at 8.30 a.m. to 
visit the works of the Ateliers de Constructions Elec- 
triques de Charleroi, leaving the ladies to a more leisurely 





1 Chiefs-of-Staff at Waterloo 


L. to r.: Mr. W. K. Brasher, Mr. P. J. Ryle (Chairman of the 
Supply Section), Mr. H. H. Spencer, Mr. J. D. Peattie (Past- 
Chairman of the Supply Section), Mme. Hianné, Monsieur E. 
Hianné (Secretary of the Société Royale Belge des Ingénieurs et 
x4 Bil, and Monsieur M. Brabant (Vice-President of the 





start to view the beauties of Brussels itself. At Charleroi, 
we were shown the transformer and large-machine shops. 
In the former, the extensive use of the shell type of con- 
struction for large transformers was noted, and in the 
latter, some very large machine tools were to be seen. 
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After an excellent lunch at the Hotel Siebertz as the 
guests of the company, we boarded the coaches for the 
journey to Waterloo. The first stop was at the farm of 
Le Caillou, which was Napoleon’s headquarters on the 
eve of the battle and is now a small museum. From there 
we travelled to the monument, where we were joined by 





the ladies, who had enjoyed a somewhat protracted lunch 
at Le Cygne in the Grand’ Place, Brussels. At the monv- 
ment, parties visited the remarkable Diorama, whilst 
some of the more energetic climbed the 226 steps of the 
monumental pyramid to make closer acquaintance with 
the lion which crowns it. Finally, all assembled for tea at 
L’Auberge du Bivouac de |l’Empereur. 

Returning to Brussels, we had just time to change for 
the Dinner-Dance, held in a most attractive ballroom 
in the basement of the Hotel Metropole. The dinner was 
much enjoyed and most artistically served; for instanes, 
the ice cream was served in miniature plant pots amd 
ornamented with marzipan leaves and flowers. After ti 
meal, the Chairman welcomed our guests in French, amd 
the response was given by Monsieur R. Van Cauweli- 
berghe, President of the Société Royale Belge 46 
Ingénieurs et des Industriels. The weather was oppressi¥é, 
and the ballroom soon became rather hot. As a resiill 
many guests, tired after the journey, and with the prospett 
of another busy day ahead, went early to bed. 

On Saturday morning, a large party set off on an alk 
day coach trip to the castle of the Prince de Ligne @ 
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3 Top table at the Metropole 
Hotel 


L. to r.: Monsieur G. Paillet (of 
the Ateliers de Constructions 
Electriques de Charleroi), ‘Mrs. 
Ryle, Monsieur R. Van Cauwen- 
berghe (President of the Société 
Royale Belge des Ingénieurs et des 
Industriels), Mr. P. J. Ryle (Chair- 
man of the Supply Section), Mme. 
Van Cauwenberghe, Mr. S. E. 
Goodall (Vice-President), Mme. 
Paillet and Mrs. Goodall. 


Beloeil, popularly known as the Versailles of Belgium. 
The journey gave us an opportunity of seeing rural 
Belgium, and comment was made on the absence of 
tractors and the large amount of farm work done by 
horses. On arrival at Beloeil, we formed into two parties 
to view the castle and grounds respectively, the two 
parties changing over after lunch. The large size of the 
carp in the moat was discussed, and some members 
found a children’s outdoor gymnasium where dignity 
and years were temporarily forgotten. 

During the morning, other parties visited the forest of 
Soignes and the porcelain factory of the Société Belge de 
Ceramique. In the afternoon a visit was arranged to the 
site of the 1958 Exhibition, which was particularly 
impressive. 

Those who were still full of energy left the hotel after 
dinner to hear a concert at the Brussels Broadcasting 
Studios by the Grand Symphony Orchestra of Belgium. 
The accommodation was excellent and the performance 
good, but to those accustomed to British orchestras, 


4 A party of members in Ghent 
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there seemed to be a lack of warmth in the rendition— 
particularly in the ‘Pathétique’ symphony. After the 
concert, we proceeded by coach again to the Hotel 
Ravenstein—the headquarters of the Société Royale 
Belge des Ingénieurs et des Industriels—where the party 
was welcomed by the President, Monsieur Van Cauwen- 
berghe, and entertained to cocktails. It is said that Anne 
of Cleeves was born in this building, and also that 
Cardinal Wolsey met her here before the ill-fated journey 
to England to meet Henry VIII. Returning to the hotel 
by coach, we were somewhat delayed by engine trouble, 
but nobody seemed to worry very much. 

Sunday morning came all too soon, and we were off 
by coach again to Ghent for a quick look round the 
centre of the town with its cathedral, belfry and cloth 
hall. Some found time to view the famous Van Eyck 
panels The Adoration of the Lamb in the cathedral. 
Lunch at Bruges was followed by a tour of that quaint 
old Flemish city, including visits to the Memling 
Museum in St. John’s Hospital and the Chapel of the 
Holy Blood in the old square—surely one of the most 
unspoilt spots in Belgium—and the market place domi- 
nated by the belfry, whose carillon of forty-seven bells 
rang, much to our delight, in the evening. 

Here the party split—the air contingent returning to 
Brussels, and the surface travellers remaining in Bruges 
to see and hear the Son et Lumiére in the Gruuthuse 
Palace, which was effective, but which lost some of its 
appeal because the dialogue was in Flemish. Later the 
party travelled to Ostend. 

On Monday, the boat party were shown round the 
vessel by the courtesy of the captain, many penetrating 
to the bridge and engine-room, whilst some of the ladies 
brought their expert knowledge to bear upon the galley 
equipment. Air and sea crossings were both smooth and 
uneventful. 

The 1957 visit, blessed by fair weather—really almost 
too warm at times, though not when the photograph 
shown in Fig. 4 was taken—was a great success. Perhaps 
one regret is that with such a full programme some of us 
had little chance of exploring Brussels itself. H. G. B. 
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SHORT REVIEWS OF PAPERS 
Automatic Control of Transmitters 


A short review of a Radio and Telecommunication Section 
paper (No. 2329) entitled ‘The Remote and Automatic 
Control of Semi-Attended Broadcasting Transmitters’, by 
R. T. B. Wynn, C.B.E., M.A., Member, and F. A. Peachey, 
Member. The paper was published individually in April 1957, 
and it is republished this month in Part B of the Proceedings. 
The authors are with the British Broadcasting Corporation. 


IN HIS CHAIRMAN’S ADDRESS TO THE RADIO SECTION IN 
October 1949, Mr. Wynn described steps which the 
B.B.C. were about to take to extend their sound broad- 





1 = The 3-unit automatically controlled transmitter at Brighton 


The executive line monitor and the automatic telephone indicator 
unit are in the foreground. 


casting service without a proportional increase in the 
number of its technical staff. Manual staff had previously 
been used at a number of points in the transmission 
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4 
chains to monitor the technical quality of transmission, | 
An automatic monitor, or comparator, which had been 
developed by the B.B.C., was demonstrated. This monitor 
compares the modulation at one point in the transmission 
chain with that at another, and gives an alarm if any 
interference or distortion is being introduced in the series 
of processes which it spans, e.g. it can compare the pro- 
gramme signal being sent to a transmitter with that being 
received back by radio from that transmitter. 

In the seven years which have elapsed, the B.B.C. have 
extended the use of this automatic monitor and developed 
additional automatic equipment for the purpose of 
running a large number of low-power medium-frequency 
transmitters without the necessity for staff to be con- 
tinually in attendance at these stations. Fig. 1 shows the 
m.f. transmitter installed at Brighton. The automatic 
monitor has proved sufficiently reliable to be entrusted 
with ‘executive action’ should it detect any distortion 
or other abnormality in the chain of equipment which it 
supervises. Other monitors have also been developed for 
ensuring that a transmitter is radiating the programme 
material being sent to it, but which avoid the cost of 
a return land-line. The basic principles used in the 
monitoring of transmitters are illustrated in Fig. 2. 
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Distgnt 
unattended 
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Programme 


Staffed 
station 
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unattended 
station 


2 Basic forms of automatic monitoring 


a System using one land-line. 
b System using two land-lines. 


The authors stress that in the development of this tech- 
nique each link in the chain must in itself be designed 
for the highest possible standards of reliability, par- 
ticularly the automatic monitors, which, being given 
executive action, could shut down a transmitter unneces- 
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sarily should a fault occur in the automatic equipment 
itself. 

An appendix to the paper contains a list of the sixty- 
seven m.f. and v.h.f./f.m. transmitters which are now 
operating without continuous supervision. The list shows 
the distance from the nearest manned centre, and the 
¢ breakdown record for the past year. The causes of break- 
downs are analysed, as in Fig. 3, under the three main 





Power failures 













External 


0:06 Line faults 





0:05 r Programme input and monitoring 

2 | equipment 

. 

. | r Human errors 

— 

a 

20:04 Transmitter components 

o 

E - Masts, aerials and feeders 2 
oc 

£0:03 ~ . NW 

§° Combining units |g 

a 

: fr Valve failures 

£0:02 

5 

£ Eorlier stage in 

system or 
unknown causes} 
0-01 | a 








ce) 


3 Total breakdown time during one year’s operation 
From Ist September 1955 to 31st August 1956. 


headings—power failures, faults on the lines connecting 
the transmitters with the source of programme, and faults 
at the transmitting stations themselves. In the body of the 
paper, the faults which have occurred within the trans- 
mitting stations are further analysed, as far as is possible 
in view of the fact that no staff were present to diagnose 
precisely where the failure originated. 

The performance of this type of station has been 
brought up to a standard which is acceptable for a public 
service, though experience is still being gained which will 
further improve the reliability of the system. Automatic 
control has made it economically possible to introduce 
a number of local transmitters in centres of population 
where reception from the main high-power transmitters 
is seriously impaired after nightfall by interference from 
foreign stations. 

The paper describes the way in which a technician, 
usually a pensioner living in the service area of the 
transmitter, is automatically called by an alarm if any 
abnormality occurs at his local transmitting station. 
Preventive maintenance of these transmitters is carried 
out by three mobile maintenance teams, who cover all 
the remotely controlled and automatically controlled 
transmitters in the United Kingdom. 

This technique has played a very important part in the 
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planning of the network of v.h.f., fm. transmitters which 
are already giving coverage to 84% of the population. 
These f.m. transmitters are, with one exception, in the 
same building as the television transmitters. They start 
up and close down automatically, and where there would 
be any additional expense in aural monitoring they are 
watched by automatic equipment which gives an alarm 
at a manned point in the television part of the station if 
any abnormality occurs. The engineering staff of each 
station has had to be increased by only one man for the 
routine preventive maintenance of the v.hf., f.m. 
transmitters. 

The next step will be to extend the technique to tele- 
vision transmitters for the service of isolated pockets of 
population, to which the main staffed television trans- 
mitters are not providing a sufficiently good signal to 
overcome local interference. 621.398 : 621.396.712 


Semi-Attended Transmitters 


A short review of a Radio and Telecommunication Section 
paper (No. 2362) entitled ‘The Design of High- and Low- 
Power Medium-Frequency Broadcasting Transmitters for 
Automatic and Semi-Attended Operation’, by W. J. 
Morcom, B.Sc.(Eng.), Wh.Sc., Member, and D. F. Bowers. 
The paper was published individually in April 1957, and it 
is republished this month in Part B of the Proceedings. The 
authors are with Marconi’s Wireless Telegraph Co. 


THE DESIGN PHILOSOPHY OF TRANSMITTERS FOR UNATTENDED 
operation is given in a companion paper by R. T. B. 
Wynn and F. A. Peachey. It is that such stations should 
consist of a number of individual transmitters in parallel, 
feeding the aerial via a combining circuit designed to 
prevent interaction between the transmitters, enabling 
each transmitter to have its own control, protection, and 
quality-monitoring circuits and to be unaffected by faults 
on associated transmitters. 

In this paper two different designs of equipment are 
described—one for high-power working (actually the 
semi-attended 150kW, 647 kc/s Third Programme trans- 
mitter at Daventry), and the other for low-power working 
at 2kW, of which a number of stations are operated 
automatically in this country. In both designs it was 
required that the equipments should be as reliable as 
possible, and that in the event of a fault catastrophic 
damage would not occur and the service would continue 
at reduced power. 

Transmitters can be operated in parallel either with a 
separate radiator for each equipment, or with their 
outputs combined in a suitable network and fed to a 
common aerial. When the value of the mutual coupling 
between aerials can be made very low, separate radiators 
are preferable, since complete duplication of equipment 
is then achieved. Where the mutual coupling would be 
large, a single aerial with a combining circuit is necessary. 
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For the latter application, used on both the high- and 
lower-power equipments, the essence of the scheme is the 
use of a bridged T network (see diagram), which ensures 
complete isolation between transmitters, so that, whatever 











FEEDER Ro 


Bridged T network for two transmitters 





fault occurs at point B, transmitter No. 1 undergoes no 
change in its output condition. Thus a defective trans- 
mitter can ‘drop off the hook’ without in any way 
affecting the serviceable transmitter. Variations of the 
bridged T network can be made for any number of 
transmitters operated in parallel. 

For the Third Programme, two identical 75 kW trans- 
mitters operate in parallel. Reliability is enhanced by the 
use of air cooling for the valves, operating from a single 
large slow-speed industrial-type blower, all filaments 
being heated with alternating current. Class B modulation 
was chosen because it retains its original adjustment 
without attention better than any other system of modula- 
tion, whilst at the same time giving performance and 
efficiency at least as good as other designs. An interesting 
feature is the choice of a rectifier which uses six glass- 
enclosed mercury-arc grid-controlled excitrons type 
AR61, the grid-control facility being used for starting 
and overload protection. The air-cooled transmitting 
valves have thoriated tungsten filaments, which, requiring 
low power, contribute considerably to the overall high 
efficiency obtained. 

For the 2kW unattended transmitters, three-unit trans- 
mitters of 660 watts each are used in parallel via the 
bridged T network. Reliability is ensured by the par- 
ticular ruggedness of the construction, by the use through- 
out of selenium rectifiers, and by the fact that no moving 
machinery is incorporated. Phase stability is ensured by 
using only two r.f. stages following the common r.f. 
driving source. 

A characteristic of the bridged T network is that, in the 
event of one of the parallel transmitters failing, power is 
dissipated in a resistive element. A set of contactors was 
incorporated in the high-power transmitter in order to 
connect the effective transmitter directly to the aerial 
system, to bypass the combining network and to avoid 
wastage of power. For the unattended low-power design 
it was decided not to provide this facility in the interest 
of ultimate reliability. As a result, field strength is 
directly proportional to the number of transmitters 
in service. 621.396.712.029.54 
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Transistor Gircuits and Applications | 


A short review of a Radio and Telecommunication Section 
paper (No. 2368) with the above title by A. G. Milnes, D.Sc, 
Associate Member. The paper was published individually 
in May 1957, and it is republished this month in Part B of 
the Proceedings. The author was formerly at the Royal 
Aircraft Establishment and is now at the Carnegie Institute 
of Technology, Pittsburgh. 


_—_s 


ALLOYED AND GROWN-JUNCTION TRANSISTORS HAVE 
become generally available within the last three years, 
and transistor circuit technology has developed con- 
siderably in this period. Collector-voltage ratings of units 
have risen from 5 to 30 volts, and current ratings have 
been increased by about an order of magnitude as 
improvements in emitter injection efficiency have been 
made. Ring-base constructions have become fairly general 
and give reduced base resistance, improved gain and 
better heat-transfer characteristics. Alloy units with 
cut-off frequencies in the range 5-10 Mc/s, and surface- 
barrier types in the range 50-100 Mc/s, are now available, 
and higher-frequency units are under development. 

Power transistors in germanium may have current 
ratings of several amperes and power-handling capacities 
of tens of watts. The overall thermal gradients of such 
units may be as low as 5°C per watt, and so power 
dissipations of many watts become permissible. Maximum 
junction temperatures of about 75°C are quoted for ger- 
manium transistors normally available at present, and if 
such units are held at higher junction temperatures some 
deterioration of characteristic occurs in the course of a 
few hundred hours. Such deterioration appears to be 
related to surface conditions, and with these more and 
more under control manufacturers are beginning to list 
types with permissible junction temperatures of 90 to 
100° C. However, it must be stressed that for fundamental 
physical reasons transistor parameters vary considerably 
with junction temperature, and such changes tend to limit 
the temperature range over which particular amplifiers, 
oscillators, etc., function satisfactorily. 

From energy-gap considerations, silicon is basically 
more suitable for high-temperature operation than 
germanium, and silicon transistors for 150°C junction- 
temperature operation are available. Again, the variations 
of parameters with temperature cause limitations in 
circuit design. 

Information on transistor reliability is essentially a 
matter requiring large-scale, long-term tests in practical 
equipment, with samples taken from production at 
frequent intervals to give statistical validity. The limited 
information available from digital-computer and tele- 
phone systems shows failure rates of between 0-1 and 
1% per 1000 hours. Such figures compare with the 
results for premium-grade thermionic valves developed 
for high reliability, and must be regarded as very 
encouraging. 
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Amplifiers 

Transistor power amplifiers for the operation of small 
motors and relays in servo-type applications are of con- 
siderable interest in view of the recent availability of 
transistors of higher power ratings. Many such applica- 
tions, however, are subject to ambient temperatures as 
high as 55°C, and circuits of high efficiency must be used 
so that the power loss and temperature rise in the 
transistor are low relative to the power handled. 

Aspects of transistor-amplifier design that have been 
the subject of recent study include neutralization, local 
and overall feedback shaping techniques, automatic gain 
control, correction of zero drift by monitoring, and 
techniques for achieving stability under high-temperature 
conditions. 

Neutralization techniques aim at converting transistor 
circuits from a bilateral to a unilateral nature, so that 
internal feedback effects between output and input are 
reduced. Typically, this may require the addition of a 
capacitor and a resistor for each transistor stage. 
Neutralization is a useful aid in amplifier design since the 
problems of matching complex load and signal-source 
impedances through a bilateral device are difficult, and 
at the very least involve cumbersome analysis. 

Automatic gain control of transistor amplifiers is 
possible by the provision of feedback from the output to 
an input-stage transistor in such a way that increasing 
output decreases the emitter current or the collector 
voltage of the controlled transistor, and so decreases the 
gain. Automatic gain control involves problems of dis- 
tortion, bandwidth and centre-frequency variation, but 
in many applications these can be solved by appropriate 
design. 

Zero drift is usually appreciable in d.c. transistor 
amplifiers, and in precision amplifiers it must be removed 
by zero-set techniques as for d.c. thermionic amplifiers. 
Basically the method is a comparison between the input 
and output quantities to reveal any zero drift or gain 
change as a d.c. difference signal, which is then converted 
to a.c. by a mechanical chopper or a magnetic modulator 
and fed into a stable low-drift a.c. amplifier. The 
amplified a.c. output is reconverted to d.c. and applied to 
the input of the controlled amplifier as a drift-correcting 
signal. Blecher has applied this procedure to transistor 
amplifiers in summing and integrating applications, and 
for the temperature range 0-50°C has reduced drifts of 
+1-5 volts output to less than +5mV. 

Commercial applications of transistor amplifiers include 
hearing-aids and portable radio receivers. For a pocket- 
sized receiver the power drain is typically 20mA at 
5 volts, and is therefore an order of magnitude less than 
that of a portable thermionic receiver. 


Sinusoidal Junction-Transistor Oscillators 


Junction-transistor amplifying connections may be 
made to oscillate by external feedback from the output 
to the input. The signal at the input terminals must be of 
Suitable phase and amplitude to give an output which, 
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returned through the feedback circuit, gives the input 
signal. Or, in other words, at the oscillation frequency 
the phase shift round the complete loop musi be zero, 
and the loop gain must not be less than unity. This 
criterion defines the maximum frequency of oscillation 
of a transistor, and this is normally several times the 
grounded-base alpha cut-off frequency. This is an 
extreme condition for self-oscillation, and the upper 
usable limit is less by perhaps an order of magnitude. 
The bilateral nature of a transistor, which is due to 
internal feedback between output and input, complicates 
the analysis of transistor oscillators, particularly at high 
oscillation frequencies, and the equivalent circuits used 
must be suitably chosen. In general, the frequency 
stabilities observed with change of supply voltage, load 
and temperature are of the order of | in 1000. 

Four typical feedback oscillator circuits are given in 
Fig. 1 to illustrate the arrangements used. In Fig. la 
a tuned collector load is used, and there is transformer 
feedback into the base circuit. Hartley and Colpitts 
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1 Some junction-transistor oscillator circuits 


a Oscillator with transformer feedback from the collector tuned 
circuit to the base. 

b Hartley oscillator arrangement. 

c Colpitts oscillator arrangement. 

d Quartz-crystal-controlled oscillator. 





arrangements are shown in Fig. 1b and c, and a quariz- 
crystal-controlled circuit is shown in Fig. 1d. 


Switched Operation of Transistors , 

The concept of transistor operation as a switch element 
has proved of considerable importance. With suitable 
base-drive conditions the emitter-to-collector impedance 
of a transistor can be varied from, say, 100 kilohms (the 
open-switch condition) to less than 1 ohm (the closed- 
switch condition) in times of the order of 1/f,, where f, 
is the grounded-base alpha cut-off frequency. The 
extreme conditions do not involve large power loss, 
since either the current or the voltage is small. Thus 
switched modes of transistor operation are of large 
power-handling capacity and of high efficiency. For 
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example, saturable-transformer square-wave transistor 
oscillators capable of tens of watts of output power have 
efficiencies of about 90%. Switching principles have been 
applied also to amplifiers and to regulators, in more 
recent work. 

Fig. 2 shows the circuit of a switching regulator, which 
gives an output of 20 volts + 1% for an input voltage 















































sg 
1200c/s 

2 Voltage-regulated supply with switched transistor operation 
controlled by a magnetic amplifier and reference-diode 


bridge 


range 21-30 volts with a load current range from 0-2 
to 2amp. The output voltage is sensed by the silicon 
reference-diode bridge Z, which causes the collector 
currents of T, and T; to rise if the voltage is in excess 
of the chosen regulated value. The current /; is applied 
to the control winding of a centre-tap magnetic amplifier 
(S;, S2, D,, D2) and is sufficient to cause considerable 
pulse-width modulation of the voltage across the load 
resistor R2. The magnetic-amplifier operating frequency 
is 1200c/s, and this is provided by a square-wave 
saturable-transformer oscillator (T,, T;, S3) operating 
from the unregulated input voltage. The potential divider 
chain D3, R3 provides a drive voltage for the power 
transistor T, that causes full conduction in the absence 
of voltage across R>. Since the voltage across R> is 
derived from a 1200c/s a.c. supply with rectification, 
and is arranged to make the base of T, positive with 
respect to the emitter, the effect is that non-conducting 
periods of T; are produced at 2400c/s with a pulse 
length that regulates the mean output to 20 volts. 
Smoothing is accomplished by the inductance L, the 
capacitance C (50 uF) and the diode D. 

A model of the complete regulator unit is shown in 
Fig. 3. The power transistor is in the foreground of the 
photograph and the rectangular can behind it contains 
the magnetic amplifier. The toroidal transformer of the 
square-wave oscillator is to the right of the magnetic 
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3 Switched transistor voltage regulator 


The unit measures 7in. x 4in. x 3 in. and weighs 2-75 Ib. It is rated 
at 20 volts, 2 amp. 


amplifier and to the left is the smoothing choke. For 
40 watts output power, the power loss in the switched 
output transistor is 34 watts and the temperature rise 
between the junction and the ambient is*then 35°C. 
At full load the total circuit efficiency is 70%. 


Other Transistor Circuits 


Many techniques of waveform shaping and generation 
are possible in transistor circuit work with multivibrators, 
flip-flops, blocking oscillators and sawtooth-waveform 
generators. Chopping and demodulating circuits are 
satisfactory down to signal levels of a fraction of a 
millivolt. 

The switching properties of transistors are applied in 
conjunction with magnetic cores for digital and analogue 
computing purposes. Transistorization of digital com- 
puters brings about considerable size reduction, and 
power supply requirements are less than for thermionic 
circuits by a factor of a thousand or more. 


Conclusions 


The fundamental principles of transistor operation and 
circuits are well established, and at frequencies up to a 
megacycle per second or so, transistor circuits are capable 
of replacing thermionic-valve circuits, with reduction in 
power requirements and size. 

Although transistors with acceptable characteristics are 
now available, improvements are still needed, particularly 
in respect of cut-off frequency. Silicon transistors are 
required in many Service applications to meet the tem- 
perature ranges encountered. In the entertainment and 
industrial fields, one of the major problems facing 
manufacturers is that of cost reduction. 621.3147 
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VIVIAN JAMES FOXTON BRAIN 


Vivian James Foxton Brain, B.£., who died on the 11th June 1957, 
at the age of 60, was born in Wollongong, New South Wales, on 
the 26th August 1896. He was educated at the Sydney Grammar 
School and the University of Sydney, graduating in Mechanical 
and Electrical Engineering with first class honours in 1922. He 
received his practical training in the workshops and power plants 
of the New South Wales railways and tramways. 

Interrupting his university course, he served in the First World 
War with the Eighth Field Company Engineers of the Australian 
Imperial Force in France. 

After graduation, he went to the United States and successively 
served as an assistant engineer on the staffs of the General Electric 
Co., the Alabama Power Co. and the New York Edison Co. He 
returned to Australia in 1929 to accept appointment as Chief 
Electrical Engineer in the Public Works Department of New South 
Wales, and in this capacity he developed an efficient and progressive 
electricity supply system covering the south and south-west districts 
of the State. He was Regional Controller of Electricity during the 
Second World War. 

In 1946, when the Electricity Authority of New South Wales was 
established, to promote the development and use of national 
resources and to regulate and co-ordinate electricity supply 
throughout New South Wales, Mr. Brain was appointed Chairman, 
a position which he held up to the time of his death. From 1950 
he held the additional appointment of Vice-Chairman of the Elec- 
tricity Commission of New South Wales, which was constituted at 
that time to take over the generation and bulk supply functions, 
previously in the hands of four independent undertakings. His wide 
experience and leadership were invaluable to the community during 
the formative years of electricity supply in New South Wales. 

Mr. Brain served on many important committees, notably the 
Newnes Shale Oil Investigation, the Clarence Water Resources and 
the Snowy Mountains Hydro-Electric Investigation Committees. 
He was a former President of the Electricity Supply Association of 
Australia, a Past-President of The Institution of Engineers, 
Australia, and was for many years a Councillor of the Standards 
Association of Australia and Chairman of the Australian National 
Committee of the World Power Conference. He had the rare 
distinction of being the only member of the Engineering Faculty 
of the University of Sydney appointed from outside the University. 

During 1954 he visited Great Britain, Europe and the United 
States of America to study, among other things, development in 
steam, hydro and atomic power generation. As a member of the 
Scientific Advisory Committee of the Australian Atomic Energy 
Commission, he represented Australia’s electrical power supply 
industry at the Geneva International Atomic Energy Conference 
in 1955. At the time of his death he was actively engaged in orga- 
nizing the next World Power Conference in 1962; for the first time 
the Conference will be held in Australia. 

Mr. Brain was regarded very highly by all who served with him, 
because of his warm personality, his keen analytical mind and the 
exceptionally high technical and ethical standards which he set. 

He joined The Institution as an Associate Member in 1931 and 
was elected a Member in 1936. He served on the New South Wales 
Local Committee 1935-48, acting as Hon. Secretary 1935-45, and 
was Oversea Representative of the Council for New South Wales 
from 1945 until his death. iT. 


HENRY THOMAS DAVIDGE 


Professor Henry Thomas Davidge, B.SC., WH.SC., who died on the 
15th July 1957, was born on the 9th November 1871. He was 
educated at Tiffin School, Kingston-on-Thames, and on leaving 
school was articled to Mr. C. J. Appleby, who had a general 
engineering works at Greenwich. He afterwards had further prac- 
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tical experience with R. Hoe and Co. at Lambeth, and studied in 
the evenings at Birkbeck College and other establishments. In 1893 
he won a scholarship for three years to the Royal College of Science, 
where he gained a First Class Associateship of the College. He then 
won a Whitworth Scholarship (with honours in nine subjects) to the 
City and Guilds College, and carried out advanced study under 
Professors Unwin and Ayrton. In 1897 he became a demonstrator 
in the Department of Applied Mathematics at University College, 
London, assisting Professor Karl Pearson for six months. 

Mr. Davidge’s next move was to Seafield Technical College, 
Lee-on-Solent, a special college for public school boys who intended 
to become engineers, which was run by Sir Edmund Hay Currie; 
here he was Head of the Engineering Department for five years. In 
the college there were fifty students, but the laboratories were, with 
the exception of a 10-ton testing machine, rather meagrely equipped 
and prospects of development were slight; so in 1902 he left and 
went to St. John’s College, Cambridge, as an advanced student and 
lecturer in the Faculty of Engineering under Professor Ewing. 

He remained in this post for only one year, for in 1903 the War 
Office appointed him first civilian Professor of Electrical Engineer- 
ing at the Ordnance College, Woolwich, whose responsibilities 
included instruction in electricity to the advanced class of officers 
of the Royal Artillery. He occupied this post for fifteen years. His 
work was also connected with the confidential problems of the 
Ordnance Committee and the Research Departments of the Arsenal. 
During his time at Woolwich he was appointed as an examiner in 
engineering for the new engineering degree of London University, 
and as an assistant examiner in the engineering group of subjects 
of the Board of Education. He also wrote a number of textbooks. 

In 1918 Professor Filon offered him a post in the Department of 
Applied Mathematics at University College, London, and he later 
became Head of a Department in the Faculty of Engineering. He 
retired from the position in 1936. 

From 1923 till 1936 Professor Davidge had a country house in 
the Chilterns, but he moved to Oxford on his retirement, where he 
enjoyed the amenities of the university and made many friends. 

He joined The Institution as a Member in 1904, and at the same 
time became a Member of the Royal Institution. 2c. 


ERIC ROSEWARNE FRY 


Eric Rosewarne Fry, who died in a Norwich nursing home on the 
12th May 1957 after a long illness, was born on the 27th February 
1895. He was a native of Lowestoft, receiving his early eduation at 
Lowestoft College. 

He served an apprenticeship with the Yorkshire Electric Power 
Co. from 1912 to 1914. After war service in the Royal Engineers 
and two years at Leeds University, he continued his practical train- 
ing with the Metropolitan-Vickers Electrical Co. at Trafford Park; 
from there he joined the Foundation Co., as Engineer-in-Charge 
of the erection of some of the first major high-voltage transmission 
lines in the United Kingdom. His early work in this connection 
was in the West Country and throughout North Wales. In 1929 he 
was in charge of all the company’s contracts for transmission line 
construction in the North of England, and he erected the first steel 
tower lines carrying spans of over a mile. 

Mr. Fry next joined Balfour Beatty as Construction Superin- 
tendent for the whole of the north-west Grid scheme, on com- 
pletion of which in 1934 he became Assistant Operational Engineer 
for the Central Electricity Board at Manchester. In 1937 he became 
Civilian Deputy Commandant with the Royal Engineers on con- 
struction work in Southern England, and shortly after took an 
appointment as Resident Engineer for Freeman, Fox and Partners 
on the construction of a new Admiralty cordite factory. 

In 1941 Mr. Fry was appointed General Manager of Brooke 
Marine Ltd. It had been one of his boyhood ambitions to work 
with Brooke Marine, and, in achieving this, he returned to the town 
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of his birth. Soon afterwards he was appointed Managing Director 
and successfully saw the firm through all the vicissitudes of the war, 
when the shipyard was the main base for the repair of Admiralty 
coastal forces operating between the Thames and the Humber; 
during this period the company launched and equipped at least 
one craft for every week of hostilities. 

After the war, Mr. Fry was instrumental in securing the first 
substantial post-war shipbuilding contracts, including the Icelandic 
trawler Jorunda in 1948, which was the largest vessel to be built on 
that part of the east coast up to that time. He also went to Moscow 
in September 1953, with Mr. H. L. Dowsett, Chairman of the 
company, for the initial discussions which led four months later to 
a £7 million order for twenty trawlers. 

He was appointed Deputy Chairman of Brooke Marine two years 
ago and took a very prominent part in the design and layout of the 
new shipyard, being responsible for the selection and disposition of 
all shipyard plant. 

Mr. Fry was a prominent Freemason and Rotarian; he served on 
the Lowestoft Employment Committee and was a Member of the 
East Anglian Ship and Boat Building Federation. He leaves behind 
not only a very fine record, with tangible evidence of it in the 
Lowestoft shipyard, but a wide following who had the good fortune 
to work with or under him and to experience his justness of purpose 
and extreme loyalty and kindness. He is survived by his widow and 
a daughter. 

He joined The Institution as a Student in 1919, was elected an 
Associate Member in 1926 and a Member in 1942. He was also a 
Member of The Institution of Civil Engineers. H. L. D. 


ADOLF WILLIAM ISENTHAL 


With the death of Adolf William Isenthal on the 31st March 1957, 
in his ninetieth year, the electrical industry has lost one of its 
pioneer engineers. Educated at Munich, Hanover and Nuremberg, 
he was apprenticed from 1887 to 1889 at the Neumarkt works in 
Nuremberg; he came to England in 1889 and helped to organize the 
Anglo-German Exhibition held at Earls Court the next year. 

His early interest in electrical matters found expression in the 
importation and sale of such electrical goods as were then available 
from Continental manufacturers, including some of the early forms 
of electromedical apparatus. After RGntgen’s discovery in 1896, 
Isenthal became well known as one of the earliest X-ray pioneers 
in this country. He was a founder member of the Réntgen Society, 
and was a member of its Council at the first meeting held on the 
5th November 1897, under the Presidency of Silvanus Thompson. 

As a result of his early work with X-rays and with radium, 
especially in connection with the wounded from the Boer War, he 
suffered severely, and his hands became so painful that skin grafting 
was resorted to in order to give him some relief. In 1954 he was 
elected an Honorary Member of the British Institute of Radiology 
—the successor to the R6ntgen Society—and was in fact one of 
the only two non-medical members. He was joint author in 1898 
of a textbook entitled ‘Practical Radiography’. 

His interests, however, were not confined to medical applications, 
and in 1898 he formed a private company to further many different 
electrical activities, including the introduction of several items of 
domestic electrical equipment, such as electric kettles, irons and 
cookers. Interesting the public in these appliances was, however, an 
uphill fight in the early years of the century, especially as they were 
by no means mass-produced articles, and in general the supply 
companies often had inadequate mains to feed them. Isenthal 
therefore gradually turned to heavier electrical equipment, while 
still continuing the manufacture of medical-type switchboards. 

He was associated with the Swiss company which developed the 
Moscicki glass dielectric condensers, and by 1912 was manu- 
facturing them in England. The First World War brought many 
changes to the Isenthal Co.: suitable glass for condensers could no 
longer be obtained, and the supply of adjustable resistors and 
rheostats was inadequate, which led to their extensive manufacture 
in this country. Subsequently he was associated with the develop- 
ment of the metallized cellulose-film capacitor, especially for use 
on high-voltage power lines as surge diverters. He also developed 
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and manufactured outdoor 33kV air-break switchgear required 
for the post-war expansion of h.v. overhead lines, many of which 
were also exported. 

In collaboration with Dr. E. Pfiffner, he developed the vibratory 
contact regulator for generator voltage control, about 1923. This type 
is still in production to-day. At various times, his company many. 
factured electrostatic voltmeters, and ammeters and wattmeters, 

In 1925, the Isenthal Co. was absorbed by the Dubilier Cop. 
denser Co., who were able to provide the capital needed for many- 
facturing developments; and in 1936 Isenthal became chairman of 
another manufacturing company, Isenthal Automatic Controls 
(I.A.C. Ltd.), for producing mercury-switch relays and automatic 
control apparatus. He remained intimately associated with this 
work until his death. 

Isenthal’s interests always had a scientific background, and he 
was a voracious reader of technical literature, for it was his long- 
established habit to keep an eye open for new discoveries that 
could be turned to manufacturing profit for the benefit of all. 

He became a Fellow of the Royal Photographic Society in 1898, 
a member of the Royal Institution in 1930, where he used to delight 
in the opportunity of contact with so many aspects of science, and 
a Fellow of the Physical Society in 1935. He joined The Institution 
as an Associate Member in 1910 and was elected a Member in 1912, 

P.R.C, 


HERBERT HENRY JOHNSON 


Herbert Henry Johnson, wu.EXx., who died on the 3rd August 1957, 
was born at Bootle, Lancashire, on the 19th July 1875. He was 
educated at the Merchant Taylors’ School, in Liverpool, and, after 
serving a five-year apprenticeship with the marine engineering firm 
of Arrowsmith, Sinclair and Co., attended a three-year electrical 
engineering course at University College, Liverpool, where he was 
successful in securing a Whitworth Exhibition. 

His first engineering appointment was in 1899 with Poyser, 
Heywood and Acland, textile engineers, Nottingham, with whom 
he spent two years as an erector and draughtsman. He then joined 
Ferranti Ltd., Hollinwood, where he was a draughtsman in the 
Switchgear Department for three years, and this was followed by 
two years as Chief Draughtsman with Lionel Robinson and Co., 
Thames Ditton. In 1904 he transferred to the British Westinghouse 
Electric and Manufacturing Co., with which company he served as 
a draughtsman and engineer in the Engineering Department before 
becoming a member of the editorial staff of Engineering in 1909. 

Until the end of 1915 he performed the normal duties of the 
assistant editor of a technical journal, but in that year was appointed 
Night Manager of the National Projectile Factory at Lancaster, 
manufacturing shells and other war material, where 10000 people 
were employed. Here he remained for four years, during the latter 
part of the time as Assistant Superintendent of the whole factory. 

He returned to his post on the editorial staff of Engineering in 
1919, and in 1924 was appointed Joint Editor—a position he held 
until he retired from full-time employment in 1939. Subsequently, 
however, he continued to carry out certain duties on a part-time 
basis and was an occasional contributor to its columns up to the 
time of his death. 

Johnson had many acquaintances in engineering circles, and a 
large number of friends to whom he was endeared by his charm, by 
a subtle sense of humour and above all, by his interest in their 
activities. To his closest colleagues his outstanding characteristics 
were an imperturbability in times of stress and an insistence on 
clarity and accuracy, for he expected his own high standards to be 
followed by others. He had many non-technical interests, being a 
close student of general literature and especially of history. He 
delighted in foreign travel, and until his last days a good deal of his 
time was spent in his garden. 

He is survived by a son, who is Professor of Mechanical Engi- 
neering at Leeds University, and by a daughter who occupies a 
senior position in the Department of Scientific and Industrial 
Research. 

Mr. Johnson joined The Institution as an Associate Member in 
1910 and was elected a Member in 1930. He was a Past-President 
of the Whitworth Society. F. H. M. 
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FRANK JONES 


Frank Jones, who died on the 22nd April 1957 at Killearn Hospital, 
Stirlingshire, after a sudden illness, was born on the 23rd February 
1911. He was educated at Chester College Central School, which 
he left in 1925 to be apprenticed to Brookhirst Switchgear Ltd. 
With this firm he obtained experience in fitting and erection of 
hand-operated and automatic motor-control gear. In 1928 he was 
appointed as a design draughtsman in the firm and in the same year 
he began evening classes at Birkenhead Technical College, which he 
continued until 1934. He obtained a Higher National Certificate in 
both Electrical and Mechanical Engineering, with distinctions in 
Electrical Engineering Design. He left Brookhirst Switchgear in 
1935 to take a new appointment with Newman Industries Ltd. of 
Bristol, again as a design draughtsman, and a year later he was 
appointed as an electrical engineer in the company. In this capacity 
he was in charge of the production of switchgear and motor-control 
gear and was also Works Electrical Engineer for the factory, being 
responsible for the maintenance of all electrical plant. , 

In 1937 he was promoted to Assistant Works Manager. A year 
later he moved to Contactor Switchgear Ltd., with whom he spent 
two years as an engineering draughtsman, but he returned in 1940 
to Brookhirst Switchgear, being re-engaged as Application Engineer 
in the Engineering Department. During the next five years he was 
responsible for the design of special equipment for power station 
auxiliaries, gas-works material handling plant, papermaking 
machinery, and rubber processing machinery. 

In 1945 he moved to Babcock and Wilcox at Renfrew, taking an 
appointment as Plant Electrical Engineer and remaining with this 
firm until his death. He was directly responsible to the Chief Plant 
Engineer for all electrical equipment in the company’s works. He 
was promoted to Deputy Company Plant Engineer in 1950. A 
colleague of his in the firm has written: ‘His contribution in varied 
fields will long be remembered and appreciated’. 

Mr. Jones was a bachelor and was a skilled and conscientious 
worker. His main interest in life was his work, although he was a 
keen amateur photographer. His only surviving relative is a sister. 

Mr. Jones joined The Institution as a Student in 1936 and was 
elected an Associate Member in 1939 and a Member in 1952. He 
had only shortly before his death been elected to serve on the 
Scottish Centre Committee during the session 1957-58. Mr. Jones 
was Vice-President of the Paisley Association of Electrical Engineers 
and was President-Elect for 1957-58. He was also an Associate 
Member of The Institution of Mechanical Engineers. 


CHARLES RICHARD KEMP 


Charles Richard Kemp, B.sc.(ENG.), WH.EX., Who died in Glasgow 
on the 15th July 1957, was born in London on the 20th April 
1884. He was educated at Westminster City School and received 
his technical education in electrical engineering at Finsbury Tech- 
nical College, of the City and Guilds of London Institute. Finsbury, 
the first full-time wholly technical college in Britain, at this period 
was at the height of its fame under Silvanus P. Thompson. As with 
most Finsbury electrical men who came under his influence, ‘The 
Doctor’ made an indelible impression upon Kemp, and up to the 
end of his life he often referred to his student years at Finsbury with 
gratitude. He did brilliantly well both at school and at college and 
was regarded as something of a prodigy. 

College was followed by a regular engineering apprenticeship 
with A. Rutherford and Co., and then by two short appointments, 
one of which was with Witting, Eborall and Co., a firm now 
identified with Brown Boveri. In 1907 he became a Whitworth 
Exhibitioner and in the same year he was engaged by the Allgemeine 
Electricitats-Gesellschaft and was sent to their main establishment 
in Berlin. On the outbreak of the First World War he was arrested 
by the Germans and interned for over four years in Ruhleben Camp. 

Returning to England, he first obtained a teaching post at the 
Northampton Polytechnic in London, and then in 1919 accepted 
an appointment with the Harland Engineering Co. of Alloa, 
Scotland, and worked in their Manchester office. He was soon 
afterwards transferred to Glasgow as the company’s representative 
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engineer for Scotland and the North of England, became a Director 
and supervised important undertakings for his firm in this country 
and on the Continent. His last engineering post was with the 
Central Electricity Board in Scotland. 

He never lost his interest in the scientific and the teaching sides 
of his profession. At the age of 65 he graduated B.Sc.(Eng.) at 
London University. At the time of his death he was on the lecturing 
staff of Stowe College, Glasgow, where he was highly successful. 
It would seem that teaching was to him the most congenial of all 
occupations in his varied career, and he sometimes regretted that 
his main work had not been in that field. 

In spite of a severe physical disability which afflicted him in later 
life, he was unfailingly cheerful and never showed by any word that 
he was in continuous pain. His friends who knew him sufficiently 
well found in Kemp a good companion, for he was widely travelled, 
a good linguist and particularly well informed in many fields of 
knowledge outside his profession. He is survived by his widow. 

He joined The Institution as a Student in 1900, was elected an 
Associate Member in 1911 and a Member in 1925. He served on the 
Scottish Centre Committee 1936-39. F. E. M. 


REGINALD ANDREW McCULLOCH 


Reginald Andrew McCulloch, who died on the 4th June 1957, was 
born on the 15th July 1894. He received his electrical education at 
University College, Cardiff, where his studies were interrupted by 
the First World War, in which he served with distinction. In 1922 
he began eighteen months’ practical training with the South Wales 
Electric Power Distribution Co., and on its completion he was 
appointed an Assistant District Engineer in the company. He later 
became Resident Engineer of the West Wiltshire Electric Light and 
Power Co., and in 1928 was appointed Technical Assistant with the 
Western Electric Distributing Corporation. From 1929 to 1935 
he was District Engineer and Manager of the Wessex Electricity 
Co. at Oxford. 

His next appointment was as Deputy Engineer and Manager of 
both of the Salisbury and Wilton electricity undertakings. He 
became Engineer and Manager two years later in 1937, and he held 
this post until vesting date, when he was appointed District Manager 
at Salisbury by the Southern Electricity Board. 

His friendly and paternal disposition, coupled with his great 
abilities, won for him the respect and admiration of all his staff, 
and during his twenty-two years at Salisbury he built up wide 
interests in cultural, business, social and welfare activities. He was 
President of the Rotary Club, a member of the Friends of Salisbury 
Cathedral and of the Sarum Lodge of Freemasons. He was a 
governor of three educational establishments, including the 
Salisbury and South Wiltshire College of Further Education, and 
took a great interest in the Salisbury District Employment and 
Youth Committees and the South Western Board for Industry. 
He was a co-opted member of the City Council in 1943. He was 
a committee member of the Salisbury and South Wiltshire Museum 
and was also recognized as an authority on poetry. He was an 
enthusiastic horticulturist, being particularly interested in alpine 
plants, and was also a practising member of the County Beekeepers’ 
Association. In his later years he became increasingly enthusiastic 
and knowledgeable about ecclesiology and could give information 
on many pre-Reformation churches. 

Mr. McCulloch joined The Institution as a Student in 1922 and 
was elected a Graduate in 1925, an Associate Member in 1926 and 
a Member in 1943. R. R. B. B. 


WILFRED THOMAS TOWNEND 


Wilfred Thomas Townend, who died in May 1957, was born on 
the 13th December 1891. He was educated at Clare House School, 
Beckenham, and Gresham’s School, Holt. He received his electrical 
engineering education at the General Engineering College, Earls 
Court, in 1907-08, and at the Erith and Newport Technical Insti- 
tutes, from 1908 to 1912, while he was an engineering pupil with 
Vickers, Erith, and with the Tyne Engineering Works, Newport. 
He gained his early engineering experience at sea, working as a 


597 











seagoing engineer for the Anglo-American Oil Co.; he left this 
company in 1913 to join the Peninsular and Oriental Co., and 
among other P. & O. ships he served in the Medina and the Sardinia. 
In 1916 he joinéd the Royal Navy as an Engineer Sub-Lieutenant 
and had three-and-a-half years’ active service afloat; he served in 
several small ships, and acted as Chief Engineer after his promotion 
to Engineer Lieutenant in 1917. 

On demobilization in 1919 he joined Handcock and Dykes, 
consulting engineers, as an assistant, and became a partner in 
1921, holding this position for nineteen years. During this period 
he was actively occupied, with his partners, in the design and 
construction of steam-turbine and oil-engine power stations for 
electricity supply undertakings, including distribution schemes at 
home and in India; he was responsible also for the design and 
installation of engineering equipment of public buildings, factories 
and hospitals. 

Mr. Townend was particularly interested in the installation of 
Diesel and other internal-combustion engines for electricity genera- 
tion and served for a period on the committee of the Diesel Engine 
Users Association. At the period of the development of the Grid 
system of supply, he was co-author with the late A. H. Dykes of a 
paper read before this Association on the possibility of building 
Diesel power stations underground to cope with peak industrial 
loads during a war, should overground power stations and distribu- 
tion lines be destroyed. In 1928 he read a paper before The Institu- 
tion entitled ‘Some Considerations of the Economics of Electric 
Power Production’, which was widely discussed. 

In January 1940 he joined the Ministry of Works as Resident 
Engineer in the Royal Ordnance Factory at Bishopston, and in 
December 1941 he was transferred to London Headquarters as 
Senior Engineer, in charge of all propellent and explosives factories, 
and their construction. The next year he joined the staff of Newton 
Chambers and Co. as Chief Engineer and Local Director, and he 
stayed with this company until 1946, and then returned to Handcock 
and Dykes. Later he changed again and for the last four years of 
his life was a partner in the firm.of Young and Partners; his recent 
work included the engineering services for the new buildings of 
the Federation of British Industries and the Tothill Press. 

Mr. Townend was affectionately known as ‘Tony’ amongst his 
many friends. A keen motorist, he took part on two occasions in 
the Monte Carlo Rally. He will also be remembered for his excellent 
mimicry of dialects. He is survived by his widow. 

He joined The Institution as a Graduate in 1919, and was elected 
an Associate Member in 1927 and a Member in 1933. He was also a 
Member of the Association of Consulting Engineers, of The 
Institution of Mechanical Engineers and of The Institute of Marine 
Engineers, and a Fellow of The Institute of Fuel. F. S. S. 


HENRY DOUGLAS TINDAL WALDRAM 


Henry Douglas Tindal Waldram, who died on the 7th July 1957, 
was born on the 10th March 1880. He was educated at the Grocers’ 
Company School, London, and Bedford County College, Elstow. 
He served a four-year apprenticeship with Edison and Swan Ltd., 
receiving his technical education part-time at Finsbury Technical 
College. On the completion of his apprenticeship he served in the 
Boer War, after which he returned to South Africa and was 
employed on the electrification of railways. 

In 1904 he was appointed an engineer with the Underground 
Electric Railway Co., London, and from 1906 to 1908 held the 
same position with the Southern Railway at Southampton. 

In 1908 he took up an appointment as an electrical tester in 
H.M. Dockyard, Gibraltar. He subsequently served in various 
ranks in the naval dockyards at Invergordon, Portland, Rosyth 
and Portsmouth, where as an electrical engineer he was in charge 
of the electrical generating stations. In this capacity his outstanding 
mechanical and electrical knowledge was evident in the many 
improvements which he made and which increased the efficiency of 
the plant. His device for unloading coal trucks at the Portsmouth 
dockyard generating.station was but one example of his ingenuity 
and engineering ability. He later supervised shore electrical installa- 
tions in and attached to Portland and Portsmouth Dockyards. 
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This involved, in the 1939-45 War, work for the various British 
and American authorities concerned with the Normandy landings, 

During the war also, despite long hours of duty in his official 
capacity as an electrical engineer, Waldram played an important 
part in the passive defence organization of Portsmouth Dockyard; 
in addition he found time to work energetically in the rank of 
Major in the dockyard battalion of the Home Guard. 

He had abnormal energy and zeal for his work, with a most 
kindly personal disposition. Whilst he was at Portsmouth, a diver 
became jammed head downwards in the circulating water-suction 
pipe of one of the generators. Waldram repeatedly dived in and 
eventually freed the man, without shutting down the station. For 
this he received the official commendation of the Admiralty. 

He was a responsible, capable officer, who inspired confidence 
both in his superiors and those in his charge. Although interested 
in gardening and motoring, it may.truly be said of Waldram that 
his work was his main concern and his hobby and his enthusiasm 
his reward. He retired from Admiralty service ii. 1945. He is sur- 
vived by his widow, a daughter and a son, who is Regional Engineer 
(Telecommunications) in Nyasaland. 

He joined The Institution as an Associate Member in 1936 and 
was elected a Member in 1943. He served on the Hampshire 
Sub-Centre Committee 1938-41. E. L.-B, 


FRANK HENRY WHYSALL 


Frank Henry Whysall, who died on the 23rd May 1957, was born 
at Ripley, Derbyshire, on the 6th July 1876. He was educated at 
the Borough Collegiate School, Rotherham, gaining his technical 
education at the Rotherham Mechanics Institute and the Sheffield 
Technical School. He served a two-year apprenticeship with the 
Midland Iron Co., Rotherham, from 1889 to 1891, and this 
was followed by a five-year apprenticeship with the Sheffield 
Elect. ic Light and Power Co. 

His first appointment was in 1897 as an Assistant Engineer of 
the Sheffield power station, and a year later he became Engineer-in- 
Charge. In 1901 he joined the Manchester Corporation Electricity 
Department as Engineer-in-Charge and Clerk of Works during the 
erection of Bloom Street power station, where he installed the 
largest storage battery in the world at that time. For the next twelve 
years he served as Resident Engineer for the power stations in 
Dickinson Street and Bloom Street, Manchester. 

In 1914 he was appointed Borough Engineer at Greenock, where 
he was responsible for the electrification of the shipyards at Port 
Glasgow and Gourock. After thirteen years in this position he 
succeeded Sir Johnstone Wright as Electrical Engineer and General 
Manager of the Belfast City Electricity Department and was 
compulsorily retired under the age limit rule in 1942. 

He then became a naval electrical engineer, serving ashore in 
the Portsmouth Command of the Navy, and he worked in this 
capacity until the end of the war. 

Mr. Whysall’s main interest was his work and he was extremely 
proud of being a pioneer in an industry that saw tremendous 
advances during his lifetime. He took a great interest in the Electrical 
Development Association and was its first Chairman in Northern 
Ireland in 1933. In his youth he was a keen cyclist and swimmer, 
and he later took up golf. He was also an enthusiastic Freemason 
and Congregationalist. His wife died during the war, and he is 
survived by two daughters and three grandchildren. 

He joined The Institution as an Associate in 1900 and was elected 
an Associate Member in 1905 and a Member in 1913. He served 
for several years on the Manchester Local Section Committee and 
the Scottish Centre Committee. He was Chairman of the Scottish 
Students’ Section 1919-21, Vice-Chairman of the Irish Centre 
1929-30 and Chairman 1930-31. He was Vice-Chairman of the 
Northern Ireland Sub-Committee 1936-37, on which Committee 
he served as an ordinary member 1940-42. He wrote two papers 
which were published in the Journal, one in 1913 entitled ‘The Use 
of a Large Lighting Battery in connection with Central Station 
Supply’, for which he was awarded the Ayrton Premium, and the 
other in 1922 entitled ‘The Utilization of Waste Heat from Electrical 
Generating Stations’. S. O. M. 
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MONOGRAPHS 


Thermal Noise in Multi-Section Radio Links 
Monograph 262 R 


B. B. JACOBSEN, B.SC.(ENG.) 


Microwave radio links are used for the long-distance trans- 
mission of large groups of telephone channels and for tele- 
vision signals. Thermal noise effects arise in each section of 
the link, and the magnitude of the resulting noise in the overall 
circuit is one of the major parameters of the overall trans- 
mission circuit. 

The monograph outlines methods of calculating the ther- 
mal noise in a long radio link when the individual radio- 
transmission sections are subject to fading. Various methods 
of expressing fading statistics are discussed. 

A technique is described for combining the effects of 
fluctuating fading in successive (tandem-connected) paths to 
obtain the hourly fading moments of the overall circuit. A 
method is given of converting the overall moments into an 
overall circuit fading distribution; this is expressed in terms 
of an ‘augmented log-normal distribution’, which can readily 
be translated into the distribution of thermal noise in the 
overall connection. 


An Improved Electromagnetic Analogue Monograph 263 M 
W. T. J. ATKINS, B.SC.(ENG.) 

The monograph is concerned with the quantitative repre- 
sentation of symmetrical electromagnetic fields by analogue. 
An improved type of analogue is described, enabling dynamic 
as well as static effects to be studied. Possible applications are 
indicated. 


The Mathematical Theory of Vibratory Angular Tachometers 
Monograph 264 M 


K. FEARNSIDE, M.A., and P. A. N. BRIGGS, B.A. 


A mathematical theory for a vibratory rate-of-turn measuring 
device is developed in order to bring out the more important 
characteristics. 

By use of properties of Mathieu’s equation, the authors 
show how performance depends on the parameters of the 
system, particularly the resonance frequency and damping 
factor of the torsion mechanism. These results are compared 
with those obtained from the more simplified theory. 


A Simplified Derivation of the Fourier Coefficients for 
Chebyshev Patterns Monograph 265 R 

J. L. BROWN, Jr., PH.D. 

In the design of linear arrays containing an odd number of 

elements with constant element spacing of less than a half- 

wavelength, the mathematical problem reduces to that of 

finding explicitly the coefficients b in the expansion 


T,(ax + b) = > bmn Tm(X) 
m=0 
where a and 6 are constants, n > 0, and T,,,(x) is defined as 
cos (m arc cos x) for m> 0. Such a problem was initially 
solved by DuHamel and later given by Salzer in a form more 
convenient for computation. The purpose of this paper is to 
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give an alternative derivation of Salzer’s result, making use of 
the orthogonality properties of the Chebyshev polynomials 
in order to obviate the fairly elaborate series manipulations 
required in the previous derivation. 


PAPERS 


Re-entrant Transmission-Line Filter using Printed Conductors 
Paper 2444 Rk: Part B 

J. M. C. DUKES, M.A. 

The re-entrant line filter section first described by Alford in 
1939 is employed. The theory of these filters is expanded, and 
a novel procedure is described for the design of microwave 
low-pass filters possessing a relatively high stop-band insertion 
loss over bandwidths of 3: 1 or more. The filter may con- 
veniently be realized in strip-transmission-line form utilizing 
printed-circuit techniques. In this form it appears to possess 
certain advantages over strip-line filters of more conventional 
design: notably the large operating bandwidth, and the 
accuracy with which the cut-off frequency can be computed. 


This was due to be read on the 13th November 1957. 


Dekatrons and Electro-Mechanical Registers Operated by 
Transistors Paper 2440 M: Part B 

G. B. B. CHAPLIN, M.SC., PH.D., and R. WILLIAMSON 

In nucleonic work a common requirement is the counting of 

pulses occurring at relatively long intervals of 250 microsec or 

more. Cold-cathode decade tubes (e.g. dekatrons) and electro- 

mechanical registers have proved their value in this field, but 
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their performance and reliability depend to a large extent on 
the means employed to drive them. The use of transistors for 
this purpose should result in efficient and reliable circuits. 

In the circuits described the dekatron is driven by a tran- 
sistor blocking oscillator which, when triggered, produces a 
pulse of defined amplitude and width, followed by a similar 
pulse of opposite polarity. A secondary winding on the block- 
ing-oscillator transformer applies these pulses, in the correct 
phase and amplitude, to the dekatron guide electrodes. When 
decades are cascaded, the negative edge of the output cathode 
waveform, instead of the normal positive edge, is used for 
triggering the next stage. This system reduces the delay 
between input and output pulses to a few microseconds, which 
is the triggering time of the blocking oscillator, and so reduces 
the error when the dekatrons are used for counting standard 
time intervals. 

For operating a mechanical register two transistors are 
cross-coupled in a monostable circuit. The register is in the 
collector circuit of one transistor, which conducts for 0-1 sec 
when triggered. Since only a small fraction of the supply 
voltage appears across the transistor when it is conducting, 
registers requiring several watts can be operated by low-power 
transistors. 


To be read on the 3rd December 1957 


A Transistor High-Gain Chopper-Type D.C. Amplifier 
Paper 2442 M: Part B 


G. B. B. CHAPLIN, M.SC., PH.D., and A. R. OWENS, M.SC. 


In transistor d.c. amplifiers the sensitivity is mainly limited 
by drift of operating point caused by changes in ambient 
temperature. A modulated amplifier is necessary to obtain a 
high sensitivity without recourse to methods of drift com- 
pensation requiring the adjustment of several balancing 
controls. The paper describes a modulated system consisting 
of a transistor input chopper, a high-gain transistor a.c. 
amplifier, and a transistor output chopper. Gains are expressed 
throughout as transfer impedances (output-voltage/input- 
current), a convention which is well suited to transistor 
amplifiers. The a.c. amplifier uses four transistors and has a 
gain of 20 volts/wA over a band covering 60c/s—20kc/s. A 
chopping frequency of 1-6kc/s is used, and the complete 
system gives an open-loop gain of 50 volts/wA with a band- 
width from direct current to 25c/s. The peak output is 
+10 volts, and the current drift referred to the input is 
4 x 10~-° amp in the range 20° C-50°C. The voltage drift at 
the input is less than 100uV. The complete amplifier is suit- 
able for amplification of signals from a wide range of source 
impedances—ionization chambers and thermocouples being 
typical extremes. 


To be read on the 3rd December 1957. 


Electric Control of Stage and Television Lighting 
Paper 2424 vu: Part A 


F. BENTHAM 


The paper surveys the progress in switchboard control of 
stage and television lighting which has been made in the past 
25 years. The various types of dimmer which form the basis 
are outlined, with particular reference to their remote control. 
The methods of co-ordinating control, using particular forms 
of levers and grouping aids, such as master selection and 
presetting, are described. 

Details of the application of organ-console techniques to 
the ‘playing’ of light are given, together with reasons for a 
preference for electro-mechanical dimmer systems rather than 
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the American all-electric dimmer or the Continental electro. ' 
mechanical desk. All three systems are described. 

To be published on the 2nd December and read on the 
12th December 1957. 


The Development of Variable-Speed High-Power Drives for 
Large Wind Tunnels Paper 2414 U: Part A 


P. McKEARNEY, L. S. DRAKE and E. G. MALLALIEU 


The paper outlines the power requirements of large wind 
tunnels, with particular reference to the compressor driving 
plant for high-speed and multi-purpose tunnels. After briefly 
reviewing available driving methods, with examples of typical 
installations on existing tunnels, the authors describe the 
needs of a particular research establishment. Two or more 
large wind tunnels are being built at it; each requires high 
powers at variable speed and uses synchronous motors for 
the main driving power. The authors discuss, in the light of 
these requirements, the case for a system consisting of a 
fixed-frequency supply from the Grid and a variable-frequency 
supply generated on site. 

To be read at the North-Western Centre on the 7th January 
1958, and at Savoy Place on the 9th January 1958. 


A Variable-Frequency Power Installation for Large Wind- 
Tunnel Drives Paper 2415 U: Part A 


P. McKEARNEY, L. S. DRAKE and £. G. MALLALIEU 


At a new Government research establishment, site-generated 
variable-frequency power is used with synchronous motors to 
provide variable-speed drives for large wind tunnels. The 
authors discuss the use of gas turbines as prime movers and 
describe the special features of the variable-frequency system 
and its interconnection with the Grid supply. Details are 
given of the operation of the first large wind tunnel to be 
connected to the variable-frequency power system. 

To be read at the North-Western Centre on the 7th January 
1958, and at Savoy Place on the 9th January 1958. 


A Train Performance Computer Paper 2425 M: Part B 


PROFESSOR E. BRADSHAW, M.B.E., PH.D., M.SC.TECH., M. WAG- 
STAFF, M.SC.TECH., and F. COOKE 


The computer employs a 50c/s computing circuit, with induc- 
tion-type energy meters as integrators, and gives automatic 
prediction of speeds, running times, energy consumption and 
r.m.s. motor current. 

Typical studies of train performance are illustrated. 


Due for reading in the second half of the session. 


The Generation of Electricity in the London Area 
Paper 244§ 8: Part A 


H. V. PUGH 


The paper is complementary to the survey paper by Irving 
read before the Supply Section of The Institution in May 
1955. It attempts to present a picture of the generation and 
main transmission plant and equipment which existed in 
London on the Ist April 1948, and briefly describes new plant 
and equipment commissioned and planned since that date. 
The paper shows the economies which have resulted from the 
bringing together under one control of the power stations in 
the London area. Reference is also made to fuel supplies, ash 
disposal, atmospheric pollution and general administrative 
matters. 


Due for reading in the second half of the session. 


JOURNAL I.E.E. 
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TECHNICAL PUBLICATIONS 





BRITISH STANDARDS 


Copies of the following publications can be obtained from the 
British Standards Institution, 2 Park Street, London, W.1. 
The prices given are post free. 


B.S. 140: 1957 Liquid Starters and Controllers 5s. 


After the publication earlier this year of revised British 
Standards for motor starters and controllers and for field 
rheostats, this revision of B.S. 140 completes an up-to-date 
series for motor control gear and related equipment. 

The new publication applies to liquid starters and con- 
trollers for the rotor circuits of slip-ring, synchronous-induction 
and similar motors. Its scope has been extended to include 
models used for d.c. dynamic braking, reverse-current braking 
and slip regulation. 

The basis of the standard ratings of both liquid starters and 
liquid controllers is specified, and standard sizes of liquid 
starters and controllers are recognized in terms of motor 
horse-power. 

Full details are included of the type and routine tests which 
the equipment must satisfy in order to comply with this 
Standard. 


B.S. 672: 1957 Hard-drawn Cadmium-Copper Conductors for 
Overhead Power Transmission 5s. 


Publication of this new edition of B.S. 672 completes the work 
of revising the British Standards for overhead power lines. 
The principal changes made in the revision are a reduction in 
the minim’ conductivity of hard-drawn cadmium-copper 
and the adoption of the centigrade temperature scale. The 
new value of conductivity is 79-2°% of that adopted by the 
International Electrotechnical Commission for standard 
annealed copper, and it corresponds with the maximum 
resistances specified for standard conductors since 1941, when 
the earlier edition of the Standard was amended. The number 
of standard conductor sizes has been reduced, and the testing 
procedure has been brought into line with that adopted for 
aluminium conductors. 


B.S. 903: 1957 Methods of Testing Vulcanized Rubber. Part 
C.4. Determination of Electric Strength of Insulating Soft 
Vulcanized Rubber and Ebonite. 3s. Part D.4. Determination 
of Cross-Breaking Strength of Ebonite. 2s. 6p. 


Each part of this revised Standard specifies the test-pieces, 
apparatus, procedure and the method of calculating results. 
Part C.4 specifies three methods—the ‘one-minute value’, 
the ‘step-by-step method’ and the ‘one-minute proof test’. 
Part D.4 contains requirements for a proof test of the 
cross-breaking strength of ebonite. 


E.R.A. REPORTS 


Copies of the undermentioned E.R.A. Reports can be 
obtained from the British Electrical and Allied Industries 
Research Association, Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey. The price of each report is given, and, 
unless otherwise stated, the cost of postage on a report is 4d. 
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L/T347_ Polarizability of a Dilute Solid Solution of Dipolar 
Molecules at Low Temperature by J. A. Sussmann. 9s. 


The polarizability of a dipolar gas is known to be inversely 
proportional to the absolute temperature T down to tempera- 
tures where kT is comparable to the energy difference between 
the ground state and first excited state (TJ of the order of 
100° K). It is shown that, in a dilute solid solution of dipolar 
molecules, the deviation from 1/T proportionality will start at 
much lower temperatures of the order of 10~° °K. 


L/T352 Short-Time Electrical Breakdown of Solids by 
External Discharges by K. W. Ogilvie. 12s. 6D. (POSTAGE 6D.) 
Experiments are described showing that when Perspex is subject 
to discharge in a liquid at a voltage sufficient to cause break- 
down in about 1 min, failure is preceded by the formation of 
microscopic channels passing into the material. Evidence is 
given that these are caused by the emission of electrons from 
the material at the surface adjacent to the positive electrode. 
It should be noted that issue of this report has been delayed 
by absence of the author abroad, and that the results here 
reported are preliminary to those already published in report 
Ref. L/T310, and an Institution Monograph [FLynn, P. T. G.: 
‘Field-Dependent Conductivity in Non-Uniform Fields and 
its Relation to Electrical Breakdown’, Proceedings I.E.E., 
Monograph No. 128 m, April 1955 (102 C, p. 264)]. 


L/T359 Models of Materials with Loss per Cycle nearly 
Independent of Frequency by H. Pelzer. 10s. 6p. 

Based on a continued-fraction expansion of the logarithmic 
function, ladder-type structures are constructed which exhibit, 
either approximately or over a limited range of frequencies, a 
loss behaviour that is often encountered in high polymers not 
only in the dielectric behaviour but also in rheology, i.e. a loss 
per cycle that is independent of frequency down to extremely 
low frequencies. 

Although such formal models have in general no direct 
bearing on the actual mechanism, one of them seems to 
suggest a molecular model in which groups of molecules are 
cross-linked into spindle-shaped aggregates and immersed in 
the viscous liquid constituted by the remaining molecules. 


M/T122 Radio Interference from High Voltage Distribution 
Systems by S. F. Pearce. 10s. 6D. (POSTAGE 3D.) 
Distribution lines operating at voltages in excess of 11 kV, 
and in particu'ar those operating at 132kV, have not proved 
serious sources of radio interference in the United Kingdom. 
Isolated cases of severe interference have been experienced 
both in the long- and medium-wave broadcast bands and in 
the television band, but they have been confined to installations 
in premises very close to or immediately beneath the line. 

Reports of interference studies on higher-voltage lines on 
the Continent and in the United States have raised doubts 
concerning the degree of interference which might be expected 
from the use of higher-voltage lines in the United Kingdom. 

As a preliminary to making a study of the interference from 
higher-voltage lines when they come into operation, the 
E.R.A. has carried out a series of measurements on existing 
132kV and 33kV lines over a period of about one year. This 
report summarizes the results of these tests. 
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Q/T143 Electromagnetic Forces in Transformers with Multi- 
Layer Windings by M. Waters. 12s. 6D. (POSTAGE 3D.) 


Methods are given for calculating the reactance and the 
electromagnetic forces in transformers of the multi-layer type. 
The effect of subdividing the outer winding into discrete 
layers and the progressive shortening of the layers, which is 
required in this type of construction, are taken into account. 
Three examples are considered: (1) windings with complete 
ampere-turn balance, (2) inner winding extending to the 
middle of the taper in the outer winding, (3) inner winding 
with the same overall length as the tapered outer winding. 


Q/T144 The Effect of Core Proportions on Axial Electro- 
magnetic Forces in Transformers with Concentric Windings by 
M. Waters. 6s. (POSTAGE 3D.) 


The radial field produced by ampere-turn asymmetry in a 
transformer with concentric windings is affected by the core 
proportions. The spacing between limbs is relatively unim- 
portant, but the ratio of leg length to core-circle diameter 
is found to have an appreciable effect. Previous work in 
Report Q/T134 is extended so that this ratio may be taken 
into account when calculating axial electromagnetic forces or 
increased reactance due to the radial flux. 


S/T69 The Effects of Cylindrical End Rings on the Distribu- 
tion of Surge Voltages in Transformer Windings by E. L. 
White. 12s. 


The distribution of surge voltages in transformer windings has 
been treated in a number of earlier reports. The present 
report describes an experimental investigation of the modifi- 
cation in surge-voltage distribution which is produced by 
conducting cylinders connected to the end terminal and 
arranged to shield a portion of the winding at the line end. 
Measurements were made on an experimental transformer 
fitted with coils of the cross-over type, and the effects of 
three simple arrangements of cylindrical end rings mounted 
coaxially with the windings were examined in some detail. 


S/T71 The Direct Lightning Stroke to a Buried Cable by 
B. L. Coleman. 9s. 


This report comprises a critical review of the theory developed 
by E. D. Sunde concerning the lightning stroke to a buried 
wire (counterpoise) or a buried cable. The report reviews only 
direct strokes to buried cables, together with an analysis of 
the effect of a leader stroke on earth breakdown in the 
vicinity of the point struck. 


V/T120 A Stable Decade Amplifier for the Frequency Range 
10c/s to 1 Mc/s by D. C. G. Smith. 10s. 6p. 


The development of measurement circuits for the E.R.A. 
network analyser necessitated the production of an amplifier 
of very low phase shift and stable gain. The report describes 
the design and performance of an amplifier which fulfils the 
required conditions and whose gain is stabilized at a value of 
10 + 0-1 for the frequency range 10c/s—1 Mc/s. A discus- 
sion of possible applications of the amplifier is included. 


V/T128 The Relation Between Dispersion and Moisture 
Content in Paper Insulation by D. C. G. Smith. 10s. 6p. 


One factor causing degradation of electrical equipment is the 
presence of moisture in the dielectric. Work at the E.R.A. has 
led to the development of an instrument which responds to 
moisture in insulation. The apparatus measures the dielectric 
dispersion (i.e. the relative increase in instantaneous capaci- 
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tance) over the time range of 3-300 millisec. Early work had 
shown that dispersion increases as the moisture concentration 
increases, and the present work was undertaken to examine 
the correlation more closely. 

Since the 50c/s loss angle is well established as an index of 
quality, its correlation with dispersion has also been examined, 


V/T129 Testing of H.T. Stabilizers by S. J. Zgorski. 15s, 
(POSTAGE 6D.) 


The existing literature on stabilized power supplies contains 
very little on the methods of testing such supplies. The main 
difficulties of accurate measurement of stabilization ratio or 
output impedance are listed. 

The report describes a test unit which largely overcomes the 
difficulties and facilitates quick measurements of the output 
impedance and stabilization ratio at direct current and overa 
frequency range. 


“ 


W/T32 The Influence of Ultrasonic Waves on Biological 
Materials by Margaret J. Thornley. 21s. (POSTAGE 6D.) 


This review contains a brief outline of the properties of ultra- 
sonics which are likely to affect biological materials. The 
effects on viruses, bacteria, animals and plants are grouped 
according to the type of organism concerned, and medical 
research is not included. 

The term ‘ultrasonic’ should, strictly speaking, be confined 
to frequencies above about 20kc/s, the upper limit of the 
audible range, but for convenience it has been used here to 
include frequencies down to 8 kc/s. 


SOCIETY OF MOTOR 
MANUFACTURERS AND TRADERS 
Handbook of Standards for the British Automobile Industry 


The Society of Motor Manufacturers and Traders has 
issued a loose-leaf handbook collating all the standards and 
codes of practice which they recommend for use in the 
British automobile industry. It includes extracts from certain 
British Standards, but the majority of those given are standards 
prepared by committees of the S.M.M.T. Two sections are of 
special interest to electrical engineers: ‘Electrical Equipment’ 
and ‘Lighting and Signalling’. The publication is obtainable 
from the Society of Motor Manufacturers and Traders, 148 
Piccadilly, London, W.1. 


U.K.A.E.A. 


Third Annual Report: April 1956—March 1957 3s. 
Atom 1957 Is. 6D. 


The Third Annual Report of the United Kingdom Atomic 
Energy Authority, forthe period Ist April 1956 to 31st March 
1957, contains much interesting reading about the progress 
of nuclear energy research and development in Great Britain, 
together with some notes on international and public relations, 
a useful table summarizing the properties of all the Authority’s 
reactors, and a balance sheet. The report includes a chapter 
on the nuclear power programme of the Central Electricity 
Authority, and the role of the U.K.A.E.A. in it. 

The Authority is following last year’s practice in making 
available an illustrated summary of the Annual Report, this 
year entitled ‘Atom 1957’, and those responsible are to be 
congratulated on producing it. It is brief, informative and 
attractively presented. 

Both publications are obtainable from Her Majesty’s 
Stationery Office, York House, Kingsway, London, W.C.2. 


JOURNAL I.E.E. 
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A. IMHOF 


HOCHSPANNUNGS-ISOLIERSTOFFE (High-Voltage 
Insulating Materials) 


VERLAG G. BRAUN, KARLSRUHE. 1957. 323 PP. £2 16s. 8D. 


The field of electrical technology is expanding so rapidly that 
there is always room for a book which attempts to bring its 
presentation up to date. The book is one of a series dealing 
with high-voltage technology, and the author is concerned 
with high-voltage insulation and particularly with its applica- 
tions. At times this emphasis gives the book the air of a 
progress report, but it is intended as a survey of the present 
position that should be of value to both chemists and 
practising engineers. 

Section B illustrates one of the difficulties of dealing with 
insulating materials, that of classification. Three systems are 
put forward based on: 


(1) chemical structure—inorganic or organic, natural or 
synthetic; 

(2) physical structure—homogeneous isotropic (glass, plastics, 
oils, gases), heterogeneous isotropic (ceramics), laminates, 
or combinations of these; 


(3) applications—building materials (porcelain), coatings 
(varnish, polyvinyl chloride), or impregnants (oils, gases). 


Each system has its advantages or disadvantages, depending 
on the user. In the last system a material may be in more than 
one class, but as befits a book whose emphasis is on applica- 
tions this practical classification is followed to a great extent 
in Section F. The next three sections survey briefly the 
formation of long-chain compounds, dielectric phenomena 
and test methods. 

Section F, ‘Description of Materials’, is the core of the 
book. A description is given of the structure and manufacture 
of each material, supplemented by details of applications and 
useful tables of electrical and mechanical properties. The 
classical insulating materials (glass, wood, mica, resin-bonded 
paper, oils and gases) are treated more extensively than the 
more modern plastics. Some of the latter get only a bare 
mention (polyisobutylene not even that, in this section), 
whereas mineral oil merits a section almost on its own. As 
the author points out, classical insulants still predominate in 
high-voltage insulation practice. The only recent additions to 
the stock-in-trade of engineers have been the casting resins. 

Section G is concerned with the deterioration of insulation 
by influences such as moisture, temperature and discharges. 
Section J describes the processes such as machining and 
moulding used to produce insulators for equipment. 

Then comes an excellent and very useful section giving the 
names and addresses of standards institutes throughout the 
world, followed by a comprehensive comparative catalogue 
of the numbers and titles of insulation standards issued by 
the standards institutes of the United States, Britain, Germany, 
France and Switzerland. They have been grouped according 
to general test procedures, particular test procedures and 
individual materials. The book ends with a bibliography of 
240 references. 

By virtue of its emphasis on applications, everywhere 
prominent, and the wide range of topics covered, the book 
Should be a useful guide to the qualified engineer. For the 
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advanced student also seeking information on this aspect of 
high-voltage insulation, most of what he seeks will be found 
here. From the didactic point of view, some of the opinions 
expressed on classification systems and the aims of test 
methods may provide food for thought. But for the physical 
and chemical bases of insulation theory the student must 
look elsewhere. 

The book is well produced, with clear diagrams and tables. 


D. G. FINK (Editor-in-Chief ) 
TELEVISION ENGINEERING HANDBOOK 
MCGRAW-HILL. 1957. 1600 PP. £6 15s. 


This book is probably the best attempt, so far, to cover the 
whole subject of television technology in a single volume. 
Its editor, an author whose name is very familiar to television 
engineers, has a wide experience which ranges beyond purely 
American practice. 

The text is divided into twenty chapters, the work of 
thirty-three contributing authors, and is adequately illustrated. 
A somewhat unusual feature is that no attempt is made to 
separate information on colour television from that on 
monochrome. Colour television is no longer the concern of 
specialists alone! 

The first two chapters give a useful summary of miscella- 
neous data, definitions of technical terms, and a very complete 
treatment of television standards, including those in use in 
Western Europe. 

The next three chapters are concerned with branches of 
physics encountered in television. Sections on photometry, 
optics and colorimetry are followed by others dealing with 
photo-electric effects and cathodo-luminescence. Pick-up 
tubes and display devices for monochrome and colour are 
also treated here. 

The book then deals with the fundamental problems of 
picture display, including scanning and _ synchronizing. 
Chapters 8 and 10 cover considerations of image analysis 
and synthesis, the intervening chapter outlining the properties 
and problems associated with N.T.S.C. colour signals. 

The technology of wide-band circuits is fully treated, 
including low-pass and band-pass types together with various 
modulation and demodulation techniques. This part of the 
book could have been improved by giving more prominence 
to problems of group-delay distortion and by describing 
typical correcting circuits. 

A chapter on wave propagation has been contributed by 
the Chief Engineer of the Federal Communications Com- 
mission. It should be of interest to those responsible for 
television station site and channel allocations. 

Two chapters on domestic receiver design occupy 324 pages 
and could stand alone as a book on the subject. Both mono- 
chrome and colour types are treated thoroughly, and the 
information includes detailed guidance in the use of beam- 
indexing colour tubes. 

The remaining four chapters are of interest to those engaged 
in designing or using television broadcasting equipment. All 
the main apparatus encountered between the studios and the 
transmitting aerial is described. The equipment and tech- 
niques are those of American practice, and in several cases 
specifications of typical proprietary equipments are given. 
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In its 1600 pages the book includes 1 150 illustrations and 
over 4000 page references. It is indeed a most comprehensive 
reference book that will be of value to any television engineer, 
whether he is engaged in the research laboratory, receiver- 
design laboratory or the broadcasting studio. 


F. E. ROGERS 


THE THEORY OF NETWORKS IN ELECTRICAL 
COMMUNICATION AND OTHER FIELDS 


MACDONALD. 1957. 560 PP. £3 5S. 


The declared purpose of this book is to expound those 
principles of network theory which the author believes to be 
of importance and to present them in a way which will meet 
the requirements of students of final year engineering degree 
or diploma standard. A broad view of the subject is taken, 
and the author discusses a number of topics not often 
included in similar publications, e.g. the Fourier integral, 
transmission-line theory (including the problems of matching), 
the physical construction of cables, and the techniques of 
circuit measurement. The book is copiously illustrated, and 
great pains have been taken to present the information in a 
manner intelligible to the student. The author is evidently 
well aware of certain oft-encountered stumbling blocks (such 
as the sign of mutual inductance), and these difficulties are 
explained with particular clarity. In addition, every chapter 
concludes with a variety of worked examples. 

Although the book is comprehensive, it is notable for at 
least several important omissions. The author is no doubt 
wise to present his subject matter without the aid of either 
Laplace-transform theory, or functions of a complex variable. 
Nevertheless, a short chapter devoted to modern methods 
such as these would have constituted a useful addition. There 


LIBRARY ACCESSIONS 


BOOKS 


CHARPIE, R. A., HUGHES, D. J., LITTLER, D. J., and 
TROCHERIS, M. (Editors) 621.039 
Reactors. Vol. I 

London, Pergamon, 1956. pp. x, 492. 23 x 15cm. £5. 

A series of review papers by acknowledged authorities including 
surveys of the design and operating characteristics of European, 
American and Soviet research reactors. 


DAVIDSON, I. A. 

Receiving Aerial Systems for Broadcast and Television* 
London, Heywood, 1957. pp. vii, 152. 19 x 12cm. 2ls. 

Deals mainly with design considerations but gives some information 
on the construction of receiving aerials. Some mathematical formulae, 
such as those for calculating the signal received by an aerial, are 
included, and an indication is given of methods used for measuring 
aerial characteristics. 


621.396.67 


DENT, H. C. (Editor) 058 
The Year Book of Technical Education and Careers in Industry 1957 
London, Black, 1957. pp. xxxii, 1008. 20 x 13cm. 25s. 

The first issue of an annual reference book providing information on 
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is likewise no discussion of non-reciprocity (e.g. the Faraday 
effect), negative feedback, or of the methods peculiar to the 
analysis of transistor circuits. The student is bound to 
consider a book of this price in terms of its ultimate usefulness 
in his subsequent career as a practising engineer. In this 
respect these omissions must devalue the book slightly. 

The book is also open to a number of minor criticisms, 
though some of these may be a matter of personal taste; for 
example, the term ‘anti-resonance’ instead of ‘parallel 
resonance’ is to be regretted. References are given at the end 
of each chapter, but they do not always direct the reader to 
the most useful sources of information. For example, it is 
stated on p. 58 that ‘general formulae for a wide range of 
periodic waveforms are reproduced in many books’, yet in 
fact no reference is given to the more important works 
tabulating these transforms. Bartlett’s bisection theorem is 
discussed with regrettable brevity and without adequate 
indication of its restrictions. The principles of duality 
are clearly outlined but with no reference to the possible 
topological limitations in multi-mesh circuits. The brief 
introduction of vector analysis in the discussion of radiation 
is unnecessary and is likely to confuse the student. 

It is a pity that the book is produced unattractively; the 
page size (royal octavo) is an awkward one for the size of type 
used, and neither the ungainly lettering on many of the line 
drawings nor the rather weak typography of the section 
headings can be commended. 

Despite these limitations—and no book will satisfy every 
reader—there is no doubt that the book will prove most 
useful to the student. It can also be recommended to the 
practising engineer, provided he does not expect to find 
therein details of the more modern developments in circuit 
theory. 


*DENOTES THAT THE PUBLICATION IS ALSO IN THE LENDING LIBRARY, 
PUBLICATIONS CANNOT BE BOUGHT THROUGH THE INSTITUTION; THE 
PRICES ARE GIVEN ONLY FOR THE CONVENIENCE OF MEMBERS. 


the facilities for scientific and technical education, and careers open 
to young people in industry. It includes details of industrial associa- 
tions, federations and firms providing organized schemes for training. 


BRAND, L. 512.9 
Vector Analysis 


London, Chapman and Hall, 1957. pp. xiii, 282. 23 x 15cm. 
£2 8s. 

The basic theory of vector algebra and calculus showing its applica- 
tions in statistics, dynamics, fluid mechanics and electrodynamics. 
The chapter on electrodynamics starts with Maxwell’s equations, and 
Ohm’s law, and includes units and dimensions, wave equations, 
Coulomb’s law, Poynting’s vector, electrostatics, conductors, capaci- 
tance, etc. There are examples throughout and problems to be worked 
by the student. 


DUNLAP, W. C., Jr. 621.315.59 
An Introduction to Semiconductors* 


London, Chapman and Hall, 1957. pp. xxi, 417. 23 x 15cm. 
£4 14s. 
Discusses the physics of the subject, the properties of semi-conductors 


(including methods of measurement) and their uses as rectifiers, 
transistors, photocells, etc. 
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GEYGER, W. A. 621.318.42 


Magnetic-amplifier Circuits. Basic Principles, Characteristics, and 
Applications. 2nd ed.* 


London, McGraw-Hill, 1957. pp. xiii, 394. 23 x 15cm. 
£2 12s. 6d. 


This book is intended as a practical reference work. In this edition 
the treatment of self-balancing magnetic amplifiers is expanded, and 
the development of high-speed magnetic amplifiers is discussed, 
including possible applications in high-performance closed-loop 
servo-systems. Further consideration is given to transient response, 
and extra references to technical papers and patents are included. 


LIVESLEY, R. K. 518.5 
An Introduction to Automatic Digital Computers* 


Cambridge, University Press, 1957. pp. viii, 53. 22 x 14cm. 
8s. 6d. 


Describes in general terms what digital computers can do and how 
they are made to do it, with an account of some of the calculations 
for which they have been used. 


NOAKES, G. R. 621.3 
The Services’ Textbook of Radio. Vol. 1. Electrical Fundamentals 
London, H.M.S.O., 1956. pp. xiii, 645. 24 x 15cm. 


This volume is common to two series of textbooks—‘The Services 
Textbook of Radio’, and ‘The Services Textbook of Electrical 
Engineering’—which deal only with the fundamental theoretical prin- 
ciples. The present volume covers electricity, magnetism and a.c. 
theory with a simple introduction to rotating machinery and illumina- 
tion. The rationalized M.K.S. system is used but the interrelation of 
this system and the C.G.S. system is explained. 


RODENHUIS, E. 621.396.62 


Dry-Battery Receivers with Miniature Valves 


London, Cleaver-Hume, 1957. pp. viii, 240. 21 « 15cm. 
£1 12s. 6d. 


Gives data and characteristics of miniature valves suitable for battery 
receivers and suitable circuits including a.m.]f.m. designs and push- 
pull output stages. Parallel and series filament arrangements and 
the current-supply considerations peculiar to directly heated valve 
circuits are described. 


SHEA, R. F. (Editor) 
Transistor Circuit-Engineering* 
London, Chapman and Hall, 1957. pp. xx, 468. 24 x 15cm. 
£4 16s. 


The basic theory and characteristics of transistors are described. 
Introductory chapters show the application of network theory and 
equivalent circuits. Subsequent chapters deal with the use of transistors 
in amplifiers—including d.c. amplifiers—and in modulation, pulse 
and various other circuits. 


621.314.7 


SKILLING, H. H. 538.551 
Electrical Engineering Circuits* 


London, Chapman and Hall, 1957. pp. xi, 724. 23 x 15cm. 
£3 10s. 


This book for undergraduate students is intended to give a strong 
foundation in a.c. circuit theory based on traditional topics, but 
including newer concepts as a preparation for advanced courses in 
networks and system design. 


STARR, A. T. 621.3 


Generation, Transmission and Utilization of Electrical Power. 
4th ed. 


London, Pitman, 1957. pp. xi, 529. 23 x 14cm. £1 7s. 6d. 
This book covers the subject to engineering degree standard. An 
appendix has now been added giving a qualitative explanation of the 


NOVEMBER 1957 


present method of utilizing nuclear energy, and there is a short 
description of the Calder Hall Station. 


SIEMENS, G. 93 : 621.3 
History of the House of Siemens. Vol. 1. The Era of Free Enterprise 
Freiburg, Alber, 1957. pp. 333. 22 x 14cm. 

A detailed account of the careers of Werner Siemens and his brothers 
and of their association with J. G. Halske. The activities of Siemens 
and Halske, of Siemens Brothers in England, and later of Siemens 
Schuckert are traced from the early days of telegraphs to electric 
traction, electric power and modern telecommunication. The story 
describes the technical side of the developments and contacts with 
contemporary scientists as well as the financial and commercial 
affairs of the businesses with which Werner Siemens was concerned. 


WALKER, J. D. 531 
Applied Mechanics for National Certificate 


London, English Universities Press, 1957. pp. xii,475. 22 x 14cm. 
2\s. 


Intended for students studying for Ordinary National Certificate or 
the combined institutions’ examination. Covers the basic principles 
of the subject with worked examples and graphical solutions and 
gives exercises for the student to work. 


WILLIAMS, E. M., and WOODFORD, J. B. 538.551 


Transmission Circuits. Principles of Electric Networks and Con- 
ductor Systems for Energy and Information Transmission 


New York, Macmillan, 1957. pp. ix, 156. 24 x 16cm. £1 10s. 


The theory of the generalized transmission line is followed by a con- 
sideration of power lines and of communication lines, including 
h.f. lines. Circuit elements, transients and lumped-constant networks 
are discussed. There are problems at the end of each chapter and an 
appendix on the solution of problems by means of electromagnetic 
field theory. 


WIRELESS WORLD 
Guide to Broadcasting Stations 1957-58 
London, Iliffe, 1957. pp. 80. 18-5 x 12cm. 2s. 6d. 


Lists under frequency and under geographical location details of 
broadcasting and television stations. 


OTHER PUBLICATIONS 


BATTELLE MEMORIAL INSTITUTE 


Semiconductor Abstracts. Abstracts of Literature on Semiconducting 
and Luminescent Materials and Their Applications. Vol. III. 1955 


London, Chapman and Hall, 1957. pp. viii, 322. 29 x 22cm. £4. 


654.19 


BRITISH ELECTRICAL AND ALLIED MANUFACTURERS’ 
ASSOCIATION 


Scholarships and other Awards available to British Students for 
Training in Electrical and Allied Engineering 
London, B.E.A.M.A, 1957. pp. 48. 21-5 x 14cm. 


RADIO-ELECTRONICS-TELEVISION MANUFACTURERS 
ASSOCIATION 


Proceedings of the Second RETMA Conference on Reliable Electrical 
Connections 

New York, Engineering Publishers, 1957. pp. 103. 28 x 21cm. 
£1 16s. 


TEXTILE INSTITUTE 


Static Electricity in Textiles. Special Conference Issue of Journal 
of Textiles January 1957 


Manchester, Textile Institute, 1957. pp. xx, 146. 24-5 «x 15cm: 
25s. 
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CORRESPONDENCE 





THE ORIGINAL WILDE GENERATOR 
From C. MACKECHNIE JARVIS, MEMBER 


After publication of the footnote on p. 310 of the June 1957 
issue of the Journal, I have received two letters on the subject 
of the original Wilde generator, with an electromagnetic field 
system surmounted by a permanent magnet exciter, which 
dated from 1863. 

Mr. N. W. Bertenshaw, Keeper of the Department of 
Science and Industry at the City Museum and Art Gallery in 
Birmingham, has kindly sent me a photograph of what may 
prove to be the only surviving machine of this pattern, which 
is now in his custody. The machine is of particular interest to 
me, since it was formerly used by Elkington and Co. of Bir- 
mingham, to whom reference was made in my article published 
in the September 1955 issue of the Journal. Mr. Bertenshaw 
has informed me that, according to notes accompanying the 
machine when presented to the Museum, the dynamo was 
driven at a speed of 2000r.p.m., although this cannot now be 
confirmed. The accompanying photograph is reproduced by 
kind permission of Mr. Bertenshaw. 

I am also indebted to M. Courtin of St. Fargeau par 
Ponthierry, France, who has drawn my attention to a con- 
temporary published description of the machine in which 
details of the windings, etc., are given. This is to be found in 
‘Les Merveilles de la Science’ by Louis Figuier (Paris, 1868). 
According to Figuier, the exciter was provided with 16 horse- 
shoe permanent magnets each capable of supporting 10kg. 
The combination was driven by a 3h.p. steam engine, and the 
dynamo speed is given as 1700r.p.m., of the same order as 
the approximate figure quoted by Mr. Bertenshaw. 


Elections and Transfers 


The following elections and transfers were approved 
by the Council during August and September 1957. 
ELECTIONS 

Member 


HAnsEN, Georges William Charles 


Associate Members 


ALDERSON, George Alwyn 

Banks, Edward John Kenneth, B.sc. 

Barser, John Marriott 

BEALE, Kenneth Clifford 

Birp, Commander David George 
Fraser, R.N. 

BRETTINGHAM-MooreE, Edward 
Anthony, B.£. 

Buist, David Maxwell 

CALVERD, Leonard James, B.SC.(ENG.) 

Crassey, John Hewitson 

Cover, Wilfred Herbert, B.e. 

Cou ort, Robert 

DanigLs, Leslie Frederick 

Dawson, George 

Exuis, Frank Arnoldus, B.SC.(ENG.) 

FEeneEcH, Felix Louis 

FerGuson, Robert 

Gressers, Henry 

GonsALves, Hubert Leslie 

Hazei, George Charles 
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HENDERSON, Harry, B.SC. 

HINDLEY, David, B.SC.(ENG.) 

HOoLyweELtL, Keith Harold, B.sc. 

Hutcuison, William Burns, B.sc. 

Hutton, Herbert Arthur 

Jones, Alexander Marson 

JONES, Noah, B.SC. 

KARBOWIAK, Antoni Emil, B.sC.(ENG.), 
PH.D. 

KINKEAD, Alfred Norman, B.Sc. 

Leecu, Gabriel Nelson, B.sc. 

LENKOWSKI, Joseph 

MARSHALL, Ronald Francis, B.SC.(ENG.) 

Mason, Frederick 

Mor ey, Neville 

Mor ey, William 

OswaLp, Thomas, B.SC.(ENG.) 

PENNEFATHER, Commodore Richard 
Randolph Somerset, R.N. 

PowELL, John, B.sc. 

RAMACHANDRAN, Tinnanur 


Associate Members (contd.). 


Rawes, John, B.SC.(ENG.) 

RENTON, Major William Dare Stuart, 
B.A., R. SIGNALS 

RosINsoN, Neil Phythian, M.A. 

Rosson, Peter Neville, B.A. 

RuMEAU, Roger 

SANDHU, Gurdit Singh, B.sc. 

Spivey, Charles Alexander Powell 

TayYLor, Maurice 


Associates 


Bye, Robert Frederick 

CARSON, James 

FosketTT, Ronald Stanley 
GopDDARD, Richard Thomas Owen 
Hatty, William Patrick Hamilton 
Huss .e, Leslie Howard 

Jones, Keith Inglis 

KNUTTON, Lieut.-Col. Harry, R.A. 
Lewis, Harold 


TRANSFERS 


Associate Member to Member 


BANKS, John, M.ENG. 

Buss, John Llewelyn 
BRAITHWAITE, Robert Cecil 
CAMERON, Duncan, B.SC. 

CLarRK, Sydney Milne 

Coxey, James Perrin, B.SC.(ENG.) 
Co..op, Allan Digby, B.sCc.(ENG.) 
Dawson, Geoffrey, B.Sc. 

Exuts, Alec William 





THOMPSON, Dillon Ingram Govan 

WARD, Major Dudley Crichton, 
B.SC.(ENG.), R. SIGNALS 

WESTON, Fit.-Lt. Douglas Herbert 
Richard, R.A.F. 

Waite, Col. Philip Harold Churchill, 
R.E. 

WHITEFORD, David Russell, B.sc. 

ZuRAN, Joseph, DIPL.ING. 


Pope, Thomas John 

REDMAN, John 

SANSOM, Trevor Bugg 

THoms, David Angus 

VANE, Horace Charles, B.sc. 

WALKER, Major Brian Stanley, 
B.SC.(ENG.) 

WOOLFENDEN, William 

WOoORMINGTON, Peter George, B.SC. 


FARRER, James Alfred, B.sc.(ENG.) 

Harper, Geoffrey Broughall 

HICKLING, George Herman, B.Sc. 

Hopcson, Arthur Geldart 

Houston, George Herbert Morrison, 
B.SC. 

KASINATHAN, Natesa, M.A., M.SC. 

KATVALA, Dahyabhai Bapulal, B.£. 

LONGWORTH, Frank, B.SC.TECH. 
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Associate Member to Member (contd.) 


McCRACKEN, Donald Harry, B.SC.TECH. 

Meyrick, Dewi Iago, B.sc. 

Muines, Arthur George, D.Sc. 

O’FARRELL, Joseph Patrick, B.sc. 

PALMER, Hugh Leslie, B.sc.(ENG.) 

PateL, Ratilal Purushottamdas, B.E., 
B.SC. 

Pueass, Lt.-Cmdr. Brian John, R.N. 

SALTER, John Philip 


Associate to Associate Member 


Kumar, Lt.-Col. Rajendra Nath, B.A. 
TayLor, Roland Mervyn, M.B.E. 


Graduate to Associate Member 


ALLEN, John Edward, B.ENG., PH.D. 

ALLISON, Carl, B.SC.(ENG.) 

ATKINSON, James Edward 

ATKINSON, Vernon 

BARKER, Sidney Frederick 

BARRON, Wilson Mortimer 

Beck, Alan, B.Sc. 

BENNETT, Derek Ernest 

Bennett, Gordon David 

BERESFORD, Paul James 

Berry, Reginald 

BHULLAR, Sohan Singh 

BirpD, Philip John 

BLACKABY, Benjamin Edward 

BOLTON, Michael John Adams 

BRADING, Alan Thomas 

BRAIN, Leslie Joseph 

Bray, Robert, B.SC.(ENG.) 

Brown, Ian Bryson 

Bruce, James William 

BuLLocK, Albert 

BUTTERWORTH, Kenneth Edward, 
B.SC.TECH. 

Buxton, Michael 

Byatt, John Raymond 

CANNING, Peter George 

Case, Norman, B.ENG. 

CiarRKE, Herbert 

CLAYTON, Leonard 

CLeRKE, William Sandford, B.sc. 

CorBIN, Douglas Norman 

COUESLANT, Peter, B.SC. 

CoviLL, Thomas Charles 

CROWTHER, Douglas Arnold, 
B.SC.(ENG.) 

Cusitt, Michael Carman 

Cunpy-BorGe, Roy 

DemMBINSKI, Edmund Maksymilian, 
DIPL.ING. 

DeNnMAN, John Henry 

Do.sy, Peter Middleton 

E.uis, Douglas Gordon 

Evans, Arthur Frank 

Evans, Lt. Peter Vandome, M.A., R.N. 

Ewan, William Alexander, B.SC.(ENG.) 

Fatroun, Adnan Fathallah, 
B.SC.(ENG.) 

FisHer, William John 

Forp, Robert Leslie, B.sc., PH.D. 

GaLLop, Peter Jack, B.SC.(ENG.) 

Gissons, George Albert 

GILBERT, Thomas 

Giccurist, Donald Cameron, B.sc. 

GiorLa, David Peter Joseph 

Gravett, Kenneth William Edwin, 
M.SC.(ENG.) 

Hampton, Walter John 

HarsipGE, Leslie William 

HARDING, Stephen Edward 

Hitt, Christopher Rowland, B.A. 

HINTON, Stephen Ernest 

Howarth, Denis Sherwood 

Howe, Frank 

HuGues, Robert Leonard, B.sc. 

Hutcuincs, Gordon 

James, John William 

Jaworski, Zbigniew Ernest, DIPL.ING. 

Jones, Edward Lionel, B.sc. 

KENT, Gerald Thomas, B.SC.(ENG.) 

KININMONTH, David Jack 

Les.iz, Robert Alexander, B.£. 

LIVINGSTONE, Roy, B.E. 

LOUGHHEAD, William Albert Edward, 
B.SC. TECH. 
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Sayers, James Edmund, B.sc. 

SCHOFIELD, Cyril James, B.SC.TECH. 

SmitH, James Boyd, M.A., B.SC. 

Tuomas, Eric Lloyd, B.sc. 

THORNLEY, Frederick Cheetham, 
B.SC.TECH. 

Twycross, Albert Edward 

Wy .ie, Thomas Stanley 

Youatrt, David 


Tucker, Norman Albert 
WiuiaMs, John David 


Lynn, George Henry Camille 

MacKay, Kenneth Malcolm Elder, 
M.B.E. 

MCKINDLEY, Norman Nicholas 

McLAUCHLIN, Thomas 

MCLEAN, Terence William, B.t. 

Malper, John McCheyne 

MATTHEWS, William Gerard 

MITCHELL, Cyril James Sydney, 
B.SC.(ENG.) 

MULLINGER, Derek Elvin 

NELSON, John 

NELSON, Rex Edward, B.SC.(ENG.) 

OLIVANT, William Malcolm 

OLIveR, James Albert 

OLtver, Leon Dennis 

Ossorn, John 

PENNELL, Terence John, B.SC.(ENG.) 

Persson, Jack Olaf 

PowELL, William James 

PRATTLEY, Winston Rayburn 

Price, John Stanley 

QuRAIsHI, Lt. Abdul Hameed, P.N. 

RAVENHILL, Peter 

RAVENSCROFT, Jack, B.SC. 

RiBBONS, Richard Theobald 

RICHARDSON, Colin Clark, B.SC.(ENG.) 

Roserts, George Nelson, B.SC.(ENG.), 
PH.D. 

ROBERTSON, Thomas, B.SC. 

RorkE, Daniel McColl, B.sc.(ENG.) 

Ross, Sydney George Frederick, B.£. 

Russe__, Alexander Brown, B.§c. 

RusseELL, David Leonard 

SALMON, Dennis Roy 

SALMON, John William, B.sCc.(ENG.) 

SANDERS, Francis Graham 

SCARLETT, Edward 

Scott, Peter, B.sC.(ENG.) 

Sen, Sachindra Mohan, M.SC., M.S., 
PH.D. 

SHERINGHAM, Alan Horace 

SHERRATT, Frank Brian, B.SC.(ENG.) 

Simmons, James Richard, B.sc. 

Simpson, David 

Simpson, Robert Wilkinson 

Situ, Clifford 

SMITH, Thomas 

SocHACkKI, Leszek, B.SC.(ENG.) 

SPURRING, Major Peter William, 
R.E.M.E. 

STANCOMBE, Ronald 

STEARNS, Major Terence Kenneth, 
R.E.M.E. 

STuTCHBURY, John Frederick, 
B.SC.(ENG.) 

Ta.sot, Ronald George 

THOMSON, Thomas Pryde, B.sc. 

THorPE, Derek John 

TOWNSEND, Hubert John Raymond 

TOWNSEND, Reginald Philip, B.sc.(ENG.) 

TRENDELL, Edward George, B.SC.(ENG.) 

UNDERWOOD, Richard Yeoman 

WAKEFORD, Peter, B.Sc.(Eng.) 

WALKER, Dennis Alan 

WALLey, Christopher Albert, 
B.SC.TECH., PH.D. 

WEAvER, Ronald Edward 

Wesser, Eric William 

Wuite, Edward 

WILbeE, David Slater 

Wi.son, John Walter 

Woop, Henry Spilman 

Worsnop, Walter, B.ENG. 


Student to Associate Member 


Barnes, Eric Lancelot, B.SC.(ENG.) 


Student to Associate 


Barrett, Leslie Wallace 


JENKINS, John Bowen Cadogan, M.Sc. 


The following elections and transfers approved by 
the Council are effective from the 12th September 1957 


ELECTIONS: ist LIST 


Graduates 


Appy, John David 

ALLEN, Phillip Harris, B.£.£. 

ANCILEWSKI, Marian Kazimierz 

ANDERSON, James 

BALL, Donald Sidney 

BANASIEWICZ, Henryk 

Batry, Leslie 

BEAUMONT, John Anthony, B.SC.(ENG.) 

BeNncH, David Ewart 

BENNION, John Malcolm 

BONNER, Ronald Vincent Peter, 
B.SC.(ENG.) 

Bouter, David Edward 

Bown, Sub-Lt. Geoffrey Hall, B.A., 
R.N. 

BROADBENT, Norman 

Brown, Alexander Livingston 

BRUNT, Norman 

CARTWRIGHT, Alan Arthur 

CHADWICK, Frank 

CuesTer, Alan Sydney 

CLAUSEN, Charles Henry 

Coe, Alun John, B.sc. 

CorsettT, James Gordon 

CorFIELD, Roy 

Cowie, William Cullen 

CRAWLEY, James Richard 

Croucnu, Malcolm Jasper 

Datta, Subrata, B.Sc. 

Dunn, George Ewen, M.SC. 

EDWARDS, Peter 

FANTHAM, Frank 

Farrow, Arthur Leslie 

FENNER, Norman George Herbert 

Fowora, Eric Ademola 

Goprrey, John Montgomery 

Green, Harry Edward, B.E. 

Grirrirus, Bryan George 

GrirritHs, Douglas, B.sC.(ENG.) 

GuNnTER, Derek William 

Hart, Ronald Ernest 

Haynes, Donald Patrick 

HaywarbD, Ian Aubrey 


Students 


AARON, Peter, B.SC. 

ALLsop, Gerald Anthony 

Ayres, Jeffery Edward, B.A. 

Baer, Ian Richard 

Barr, John Kenneth 

Bates, John 

BRADSHAW, Sec.-Lt. Michael William 
R.A. 

BULMAN, Richard John William 

Burrows, Gordon Raymond 

Cappy, James 

CHApDwiIck, John Douglas 

Cuanpra, Akhileshwari Narain, B.Sc. 

CHAPLIN, Ivan Cecil 

CLEAL, Barry George 

CieGcG, Alan Edward 

CLEMINSON, Cedric Adrian 

Cousins, John Edward 

Curtis, Paul 

Davies, Charles Aneurin, B.Sc. 

DONALD, Angus 

Dwyer, Alfred 

Evans, John Charles 

Evers, Maurice George 

Finney, David 

Fournier, John Martin 

Free, John Marshall 

FRENCH, David John 

GayLer, Anthony Samuel 

GHOSHAL, Benode Gopal 


Hopces, John George 

INOMA, Alexander Nchekwube 

Insk1P, Cyril Leslie 

Jacoss, Neville Edward, B.A. 

JOHNSON, Franeis James, B.£. 

Jones, Leonard 

Jowett, Roy 

Lewis, Michael John 

Lim, Kwang Hua, B.e. 

LuDLAM, Alan 

McWILLIAM, Derek 

MaAtTTHEws, Frank Samuel 

MERNAGH, Patrick Francis Joseph 

MIRANDA, John Cruz Ferdinando 

Morison, Peter Philip 

NiELD, Frederick Brian Rushworth 

Noakes, Ronald 

Ocseiwe, Lawrence Ogbemudia, 
B.SC.(ENG.) 

RINGER, Frank 

RopGers, Jack 

Rocers, Brian Charles 

RUTHERFORD, Norman Sydney 

Sen Gupta, Sanjay Kumar 

SHEPHERD, Harry 

SHUTTLEWORTH, John 

Simmons, Alec 

Simpson, Harold 

SLATER, Allan, B.E. 

SiTH, Eric Silvester 

STEWART, Kenneth 

STIRLING, John 

TEMPLETON, Samuel 

Ti_pes.ey, Geoffrey 

TITHERIDGE, Leslie Frederick 

TurnalL, John David, B.sc.(ENG.) 

VERNON, Thomas Melville 

WALL, Gordon Stuart 

Wuire, Frank Allan 

WHITEHEAD, Alan Peter 

Wipopicks, Jon Anthony, B.sc.(ENG.) 

WILLIAMS, Joseph 

WILLIAMSON, John Robin, B.a. 


Gisss, John Martin 

Gipson, Colin Edwin 

Guppy, John Harry 

Gorrince, Gerald Edward 

GOUuULDING, Royston David, B.sc. 

GREENE, Kenneth Edward 

GREENSLADE, James Anthony 

Grice, Geoffrey George 

GrirrFitHs, David Alston 

Groom, John Cedric, B.A. 

Groom, Ronald Frank 

Grunpy, Sec.-Lt. Colin Edward, 
R. Signals 

HAMMERSLEY, David Anthony, B.sc. 

HARGRAVE, James Brian 

HuGues, Albert William 

JALALUDDIN, Abdul Rahim Bin 

JOHNS, Antony 

KHAYATA, Mohamed Nouri 

KRISHNA Iyer, Mahadeva, B.SC.(ENG.) 

KULKARNI, Manohar Mahadeo 

Lacey, Malcolm Arthur 

Last, John Richard 

Levens, Brian Arnold 

Lovie, David Anderson 

Loviz, Michael Anderson 

Lowe, Dudley Edmond 

MarTIN, Antony David 

Mor ey, Peter James 

MortTon, Stanley Warren 





ELECTIONS: Ist LIST (con/d.) 


Students (contd.) 


Moys, Robin Gerald 
Mupce, John Leslie 
MUGHAL, Faiz Ahmed 
Nosss, Christopher Kenyon ffrench 
PateL, Damodar Durlabhbhai, B.e. 
Pe, Aye, B.SC.(ENG.) 
Peters, Antony 
PRATLEY, John Brian 
Preston, Neville William 
Reap, Sec.-Lt. Stuart William 
R. SIGNALS 
Rees, Gordon Leslie 
Rerp, Sec.-Lt. James, &. SIGNALS 
REYNOLDs, John Spackman, B.Sc. 
Roponi, Donald Graham 
Rocers, Keith David 
Ross, Graham De Freitas 
Rowe, Richard William 


TRANSFERS: Ist LIST 


Student to Graduate 


ALLEN, James Charles John 
BEADLE, Ronald Edward 

BENTLEY, Robert Michael 

Boornu, Anthony Michael, B.sc.(ENG.) 
Cox, Alfred William 

DE LA Crorx, Terence Edward 
DOwLING, Denis Joseph, B.SC.(ENG.) 
GRANT, James, B.SC. 

Gray, Colin Hamilton 

Hart, David Benjamin, B.£. 
Hopcson, Alan 

Howes, Gerard Walter, B.ENG. 
Hurre lL, Richard John 


ELECTIONS: 2nd LIST 


Graduates 


AINSWORTH, Robert John 
ALLcock, Albert Ernest 
ANDREWS, Derek James Stephen 
ANG, Arthur, B.E. 

BaTESON, George Henry 

Bett, Garth Lancelot Carlton 
Berry, Gomer Rhys 

BiRCHALL, Graham Gerald 
BuiGHT, Edward Joseph 
BUNNETT, Peter Cyril 

Burrows, Gordon Raymond 
CANNOCK, Richard Matthias, B.sc. 
CHARLTON, Alan 

Cuopri, Nakhan Lal, B.sc. 
Cuowpry, Bishwanath 

CLARKE, Peter Jackson 
CoLeNutTrT, Lionel John, 8.8c.(ENG.) 
Corsoy, Michael John 

Davey, Dennis Francis 

Davies, David Evan Naunton, g.sc. 
Davies, Geoffrey 

DouG as, James Charleson 

DouG as, Leonard 

DunMaN, John Percival George 
Dykes, John Mayhead, B.£. 
EppIson, Brian 

E.us, Brian Robert, B.£. 

Ets, Phillip Jacobus, B.sC.(ENG.) 
FLercHer, Thomas George 
FREEMAN, Gordon Clifford, B.sc. 
GascoIGNe, Robert John 

Gaskin, Robert 

HARDACKER, John 

Harris, James, B.SC. 

Harris, Kenneth George 
Harvey, Edgar James 

Hester, David Ritchie, B.A. 
Heyes, Michael Rodney Milton, B.A. 
Hosken, Edwin Kelven 
Howartn, Geoffrey Charles 
Huppart, Kenneth William, B.A. 
HueEN, Yeong Kong, B.E. 

James, Griffith 

JOHNSTON, Peter Edward 

Jones, David Robert 
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Sipp1q1, Khurshaid Ahmad 

SmitH, Kenneth Boyd 

STEWART, Robert 

STRACHAN, Evan Simpson 

StrETCH, Michael Beverley Knighton 
Terry, Alan James 

THORNE, Brian Leslie 

Turner, Philip 

WacastaFrF, Roger Cecil 

WALKDEN, Anthony Joseph 

WALKER, Kenneth Arthur 

WALKER, Peter James 

WELFoRD, John Leonard 

West, Robert John 

Wipourn, Lt. John Allan, R. SIGNALS 
Wo re, Lionel John 

Woopncock, Stephen St. John 
Wootton, David 


IGIEHON, Imarhiagbe 

JACKSON, Paul 

JENKINS, Gwyn, B.SC. 

Kerr, Gilmour Wilson, B.sc. 

MANNING, Roger Fielding 

PARDOE, FI.-Officer David James, 
B.SC.(ENG.), R.A.F. 

PuHiLuips, John Albert 

PowELL, Michael John, B.SC.(ENG.) 

QuINNEN, Ronald 

RANGER, John Maynard 

REAVLEY, Kenneth 

West, Miss Olga 


Jones, Ifor Lloyd 

KONAREK, Janusz 

Ly es, John Freeman 

Maacs, Ian Harold, B.£. 

Mattsson, John Eric Aulder, B.. 

Mayston, George Leslie 

MusGrROVE, Joseph Terence 

Nasu, Ronald Richard William Arthur 

New, Raymond 

NICHOLLS, Patrick Richard 

O’ FLYNN, Michael, B.£. 

O'REILLY, Patrick Canice, B.E, 

Orr, Nigel Macdonald, M.A. 

OSWALD, Peter Dyson, B.Sc. 

Owen, Elgar 

Ozuanh, Philip Atua 

Parr, Miss Brenda Jane 

PILLING, John Noel, B.A. 

Quinn, Geoffrey James 

RASHWAN, Abdel-Hamid Ahmad, 
B.SC. 

Ross, Allan John, B.sc. 

Ry ey, Eric Hirst 

SAuNDERS, Geoffrey Philip 

Scott, Alan 

SHaw, John Derek 

SHIKELL, Kenneth Edward 

Simmons, Dennis 

Squire, Christopher Charles 

STEWART, Charles Reginald 

TAYLor, Leslie 

THRESHER, Kenneth Jamies 

Timson, Geoffrey Arthur 

TrRAveERS, Brian Luke, B.e. 

TURNBULL, Adrian Robert Todd 

WAINWRIGHT, William Alfred 

WAKELING, Anthony Patrick 

Watson, Gilbert Gray 

Weyer, John Henry 

WHETHERLY, Douglas Frederick 

Wurre, Graham John 

Way, John Frederick 

Wi.p, Alan 

WiLTSHIRE, Cecil Arthur 

Wray, Brian 


ELECTIONS: 2nd LIST (contd.) } 
Students 


ANDERTON, Gordon Michael 

ARIYANANDA, Kamburugamuwe 
Lokurgue 

BALISTER, Michael, B.sc. 

BassON, Eugene Ivanhoe 

BILLING, Peter James 

BLEskie, John Christopher 

BRISBANE, Peter Anthony 

CARRICK, Geoffrey 

CHAPMAN, Terence Raymond 

CHERRETT, Alan Masterman 

Cope, Hugh Sinclair 

Cox, Michael Brian, B.sc. 

Davies, David James Frederick 

Dias, Paul Edwin 

DjeEVDET, VURAL 

Ear, Neville Colin 

EMMANUEL, Moses Daniel 

Funk, Michael John 

GERARD, Roger Edwin John 

GOLLOGLY, Blaise Neil 

GriFFITH, John Francis 

Gupta, Krishan Gopal 

HaliGH, Derek Burdett 

HASLER, Michael Delius 

Hopcson, David 

Hooke, John Anthony Lionel, B.sc. 

Hume, John Raymond 

ITHELL, John Hugh, B.sc. 

KATHERGAMANATHAN, Ponnambalam 

KATHIRGAMANATHAN, Sunderam 

Kirsy, John Allen 

LAWRENCE, Rupasinghege Claude 

Lewis, Roy Frank 

LIANG, Foo Jee 

LoGue, Hugh 

Looms, Rajinder Pal 

MACKENZIE, Alistair Whitby 

MaGuirE, Michael Gerard 


TRANSFERS: 2nd LIST 
Student to Graduate 


ALLEN, Graham John 

ALLEN, John Oswald, B.SC.(ENG.) 

ASTERIADES, Achilles Marius 

BEATTIE, Robert 

BELL, Robert, M.SC.TECH. 

Bett, Desmond Anthony, B.sc. 

BHATTACHARYA, Himanshu Shekhar 

BisHoP, Ronald, B.sC.(ENG.) 

Brooks, Royston Webb 

BucKLey, Charles Raymond 
B.SC.(ENG.) 

CHAKRABORTY, Jatindra Mohon, 
B.SC.(ENG.) 

CueEN, Eyson Chih Yao, B.Sc. 

CLARKE, Roger Wallis 

Cooray, Thakshan Rohan 

DE JONG, Clement Victor Anton, 
B.SC.(ENG.) 

DELAMERE, William Alan, B.ENG. 

Det, Douglas George, B.£. 

DEVONSHIRE, Clifford Joseph 

DICKINSON, William Tan, B.A. 

Dyke, John Albert 

Eaves, Charles Dennis 

E.uiott, Henry Courtney, B.sc. 

Everett, Christopher John 

FAaDDEN, Arthur Frederick, B.sC.(ENG.) 

FitzPatrick, Hugh Ivor Brunton, 
B.SC. 

Fox, Michael Peter, 8.sc.(ENG.) 

Garcia, Alan John, B.sc.(ENG.) 

GNANALINGAM, Sivagurunathar, 
B.SC.(ENG.) 

Gore, John Nicholas 

GRANT, Robert Edward 

GREEN, Peter James, B.SC.TECH. 

Gupta, Shivdhani, B.sC., B.ENG. 

Gupta, Someshwar Chander, m.A., B.SC. 

Hart, George Evered Talbot, s.sc. 


MALKANI, Kishin Hassomal 

Mayo, Ralph Frank, B.a. 

MorGawn, Stuart Llewellyn Gwyn 

MuRrpuy, Francis Peter 

MyIntT, Khin 

NADARAJAHNAYSUM, Thambirajab ‘ 

OsEMAN, Robert Henry 

PANDITHARATNA, Nugegoda 
Gabadawage Daya 

PayNe, Michael George 

PERERA, Kuda Gonaduwage 
Dharmasena 

Perera, Marcus Vincent Romanis 

PRITCHARD, Robert George 

Pye, Malcolm William James 

RAGUPATHY, Mylvaganam 

RasHID, Mohammad Abdul, 
B.SC.(ENG.) 

RATNANATHER, Joseph Percival 
Selvam, B.SC. 

RETNARAJAH, Maniccam 

RINGROSE, Bryan Edwin 

Roserts, Allan John 

Rosson, John 

SINGARAYER, Anton Hugh 

SmitH, Brian Charles 

SPENCER, Samuel Thuraisingam 

Swal es, Derek 

TAy.Lor, Frank Edward, B.sc. 

THARMARATNAM, Selva Duray 

VASUDEVA, Inder Nath 

WaGLeE, Mahesh Bhalchandra, B.k. 

WALKER, Robert Arthur, B.sc. 

WASHINGTON, Derek 

Westosy, Peter John 

WHITNELL, John Henry 

WRIGHT, Douglas James 

YATAWARA, Galagoda Dayananda 
Banda 


Hit, Michael Roland, B.sc. 

HULSCHER, Frank Rudolf, B.e. 

Huyssen, Reinhard Martin Johannes, 
B.SC. 

KewL_Ley, John Stanley, B.sc. 

KHOSLA, Anand Prakash 

KILL, Cyril Ronald 

KOZLOWSKI, Antoni, B.SC. 

LINGARD, John 

LLoyD, Michael James Rose 

LOUGHRAN, Pilot Officer James 
Bernard 

LovELUCK, Royston 

NEWMAN, Roger Holley 

O’DELL, Thomas Henry, B.sc. 

Pee_, Graham, B.Sc. 

Porteous, Robert John, B.£. 

Price, Peter John, B.Sc. 

RAMSHAW, Raymond Scuthern, 
B.SC.(ENG.) 

Rastoai, Suresh Chandra, B.sc. 

Ray, Krishna Das 

Reaper, FI.-Officer Dennis Michael, 
B.A. 

SapDIQ, Raja Mohammad 

Scott, Robert Shaw, B.SC.(ENG.) 

Sim, James 

SNOAD, Anthony James, B.sC.(ENG.) 

STAINER, Frank William 

TAo, Zihching, B.sC.(ENG.) 

TayLor, Harry Norman 

Watts, Grahame Duncan 





WELCH, Graham Peter, B.SC.(ENG.) 

WHITELEY, John David 

WILLIAMS, Sec.-Lt. John Glenville 
Edward, R.E.M.E. 

WISHART, Phillip Keith 

Woopnaate, John Michael 

WRIGHT, Ian Wheldon, B.sc. 
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THE INSTITUTION EXAMINATION List of Successful Candidates 








THE ENGINEERING INSTITUTIONS EXAMINATION (PART I) APRIL 1957 


There are six Institutions participating in the Engineering Institutions Part I Examination: 


THE INSTITUTION OF CIVIL ENGINEERS THE INSTITUTION OF MUNICIPAL ENGINEERS 
THE INSTITUTION OF MECHANICAL ENGINEERS THE INSTITUTE OF MARINE ENGINEERS 
THE INSTITUTION OF ELECTRICAL ENGINEERS THE INSTITUTION OF GAS ENGINEERS 


BRITISH ISLES 


The following candidates have satisfied the examiners in the compulsory subjects of Part I (Mathematics, Applied Mechanics, Heat, Light 
and Sound, Principles of Electricity and Engineering Drawing): 


AMBLER, Christopher Robert? CLARK, John Robert George HINCHLEY, Peter Alan2 PATEL, Janakray Rambhai2 
AHMAD, Sabih-Uddin CLARKE, Roger} HOBBIN, Richard Ramsay pitts, Ronald Stephen 
ATKINSON, Robert James? COLVERSON, Bill Ceci! Vivian} HopGes, John Henry} RHODES, Alan Frederick John? 
ayers, Clifford Raymond cross, Hamish Lyon? HOLT, Tonie RoBeRTS, Geoffrey 

AYLOTT, Roy Frederick Victor CuRTIS, Roy Stanley HUGHES, Gwilym Morrts} ROBERTSON, Keith George? 
BANERJEE, Sukamar2 DALvigE, Bhalchandra Eknath! HUGHES, Trevor Richard} ROOKE, Alan 

BANKS, James Acfield? EALEY, Michael John3 JENNER, Martin Thomas SAMBASIVAM, Thiagarajah 
BiGBY, Peter Graham Murray? EGBEDEYI, Ajibade Emmanuel JONES, Anthony Lewis2 SMITH, Alwyn Aubrey2 
BIRD, David Cecil? EGGLESTON, Brian Charles? JONES, Peter Arthur} TAPAN, Mustafa Unal 
BODOANO, Richard John EVANS, Peter Bennett} Jos£, Thomas David? wape, Roger Randal 

pose, Alakadri Kumar FISHER, Lawrence! KYFFIN-HUGHES, John Malcolm WILLIAMS, Denis Irwin 
BROWN, Philip? GApsBY, Frederick George} LYNES, David George yates, John Lomax? 
BRYDEN, David John2 HANCOCK, Peter Thomas MARSHALL, Kenneth Robert3 YOUNG, Peter Lance 
CARTER, Raymond Maurice E.3 HANN, Michael Anthony NADARAJAH, Sinnatamby> 

CHRIMES, Laurence John} HILL, Donald2 NAYLOR, David? 


1 Also satisfied the examiners in the subject of English. 2 Also satisfied the examiners in the subjects of Strength of Materials and Theory of Structures. 
3 Also satisfied the examiners in the subject of Theory of Structures. 


The following candidates have satisfied the examiners in the subject of English: 


ADDISON, Derrick William pD’ARCY, James William Henry KNOWLES, Eric Coleman SENTANCE, David Geoffrey 

ALLEN, James Charles John DAVIES, Roy John LORD, Robin Kirkby SHARMA, C. R. Padmanabhan 

ARNOLD, George Alan DEDMAN, Douglas Richard MARCHBANK, Donald Davis SHEPHERD, Harry 

BARR, Robert Gordon pove, Alan Richard MATTHEWS, Frank Samuel SIMPSON, William A. 

BOLTON, William McLeod DUNCAN, Henry Alexander MILLER, Edward George STUART, Bernard 

BREEZE, Islwyn FARROW, Arthur Leslie MOSES, Gwilym TARLING, William Leslie 

BROWN, Peter Charles Colin FENNE, Ivor MUSE, Aubrey Bell TAYLOR, Henry Frederick 

BRUNT, Norman FINKLE, Reginald NEW, Leonard Charles TUCKER, Norman Albert 

BYRNE, Laurence Patrick GREEN, Roy Alan PORTER, Stanley VERNON, Thomas Melville 
Christopher HALL, John Charles PUGH, Edward John Maldwyn WHITEOAK, Peter 

cook, James Wilson HANSON, Roy REID, Roy WILLIAMS, John David 

COWE, Peter JOSHI, Sadashiv Yeshwant SABHARWAL, Rajinder Singh WOOD-COLLINS, John 

CROUCH, Malcolm Jasper KENNEDY, Desmond Barclay SAUNDERS, Geoffrey Philip 


The following candidates have been permitted to enter the examination under special conditions and have satisfied the examiners in the 
subjects indicated: 


ANDERSON, John Harpers DAviEs, Roy John4 JAMES, Balaprabudas5 RITCHIE, Jackson A.* 
ASGHAR, Mohammad DE SILVA, Arumakankanage JEBSON, Gordon W.5 ritTcHIr, Neil John B.4*5 
AUSTIN, Geoffrey Edward} S. M.2+3+4+5 JONES, Kenneth* ROBERTS, Brian John5 
BALL, Douglas William H.* DIKE, Nathaniel Akujuobi5 KOHLI, Deep Chands5 ROBISHAW, Wilfred5 
BARROW, Anthony Michael T.2>4>5 popp, Anthony* KOTLAR, Emerich‘ ross, Robert Ian5 

BENSON, Thomas William3-4:5 pove, Alan Richard} LAKE, David Edwin*5 SIMPSON, George Arthur 
BENTON, James Joseph4 DURATE-ZAMORA, Juan* LATHAM, Gordon5 SIMPSON, William A.4 
BETTS, John Allan5 putt, Sukhamoy5 Lewis, John* SMITH, Alan5 

BILLETT, Robert Anthony* EDWARDS, Christopher Robin? LOUGHRAN, James Bernard} SMITH, Robin4 

BOWLES, Norman James5 ELLIS, Alan David* MASSON, Norbert Joseph‘ SPARKES, Terence5 

BRAYNE, John Franklyn+ EVERETT, Christopher John3 MATHER, Leslie Rajanathan S.5 STINTON, Darrol* 

BROOK, Percival Hamil! FALUYI, Akinsola Olusegun!»3+4,5 MILES, Bernard Arthur+ TAYLOR, Frank* 

CARTER, Claude WickendenS FLETCHER, Philip Jackson* MUSE, Aubrey Bell+ TAYLOR, Henry Frederick* 
cave, John Charles* FOSSETT, Michael Charles S.5 NASH, Ronald Richard William THURMAN, Raymond5 
CHARLEY, Michael William? GANGULI, Prasun Kumar* Arthur} Toor, Khalil-Ur-Rahman‘ 
COCKRELL, John Frederick GHOSH, Sumantra5 NOORANI, Abbas‘ TULLY, James Ian} 
COLLINS, Patrick Louis Gore, Bchdan Theophilus NOWELL, Graham Arthur5 VAN BEUGEN BIK, John A.5 
COLLS, John Stanley5 Nicholas?+? OAKES, Frank Thomas Edwards wess, Charles Vincent* 
CONNOLLY, Liam Brendans HANKINS, Dennis Henry J.4 ORME, John Derek}+4 west, Charles Frederick?+3-5 
cope, Barry! HOLT. Frank Stewart5 PICKERING, William James* WHITELEY, John David‘ 
CUMMING, Alistair C. D.5 HUCKLESBY, Richard James‘ PURTON, Arthur Joseph‘ 

DAvies, Edward Arthur+ V' ANSON, Leonard Raymond* REGE, Dattatraya Raghunath5 


1 Mathematics. 2 Applied Mechanics. 3 Heat, Light and Sound. 4 Principles of Electricity. 5 Engineering Drawing. 
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THE INSTITUTION EXAMINATION List of Successful Candidates (contd.) 


OVERSEA 


The following have satisfied the examiners in the compulsory subjects of Part I (Mathematics, Applied Mechanics, Heat, Light and Sound, 
Principles of Electricity and Engineering Drawing): 


ADELAKUN, Frédric Akinlabi 
AHUJA, Surinder Prakash 
CANAGASABEY; Ashley Perinbam 
CHAN CHIU-MING2 

cHol, Hon-Ying 

HO, Kwok Kwong 

JAYASEKERA, A. A. C. W. 
KAJERO, Christopher Oludamisi 


1 Also satisfied the examiners in the subject of English. 


KUMAR, Pramod 

Lo, Tzer Hwa 

MOHIDEEN, Giasdeen 
NWABUDIKE, Justin Onuora? 
PEREIRA, Joseph A. T. 
RAMASWAMY, Setlur Ranganna 
RIBEIRO, Ronald 

SACHAN, Raghuraj Singh 


SHARMA, Himmatlal Prabhakar 
SHUKLAR, Raj Kumar 

SHUM, Yat Sang Lanson 

sit, Wing Fai 
SUNTHARARAJAN, Sivapalan 
TAMBE, Muralhidar Shankar! 
TANDON, Kameshwar Prasad 


TEZA TIN OHN! 

THAPAR, Baldev! 

VAIDYA, Vishnu Narayan 

WEERASEKERA, Shelton 

WEERASINGHE, Bertram 

WIJAYATILLEKE, Don Gilbert 
Dharmasena! 


2 Also satisfied the examiners in the subjects of Strength of Materials and Theory of Structures. 


The following have satisfied the examiners in the following subjects of Part I (Mathematics, Applied Mechanics, Heat, Light and Sound, 


and Principles of Electricity): 


NATARAJAN, Subramaniam 
RAMACHANDRAN, Tinnanur 


SELVARAJAH, Ponnampalam 
SIVANNESAN, Selvaratnam 


3 Also satisfied the examiners in the subject of Theory of Structures. 


The following candidates have been permitted to enter the examination 


subjects indicated: 


ACHARYA, Subhansu Kumar‘ 
ASAMOAH, Frank Gyan! 
BAHADUR, Ali5 

BHADURI, Rama Prosad5 
BHAGWAT, Prabhakar NarharS 
BOROOAH, Ranjit Kumar? 5 
CHANDRA, Satish? 5 
CHOWDHuRY, Arun5 
HANSPAL, Savinder Singh‘ 
HUGHES, Ronald Frederick* 
JAIN, Gian Chand‘ 


1 Mathematics 


2 Applied Mechanics 


JAIN, Surendra NathS 
JAISINGHANI, Morli Ramrao5 
JONES, Thomas Gwyn: 4; 5 
KAPUR, Tilak Raj5 

KHAN, Ghulam Ahmad‘ 
KHURANA, Om Parkash:?: 5 
Loo, Kam Tye! 

MAJUMDAR, Rabindranath$5 
MISHRA, Ram Kamal5 
NIGAM, Krishna Chandra‘ 
PALANDE, Shashikant Vasudeo‘ 


3 Heat, Light and Sound 


4 Principles of Electricity 


THIRUCHELVAM, Aruliah Sinnayah 
TUCK YEE MOK3 


VINAYAGAMOORTHY, Suppiah 
YUK MAN HO} 


under special conditions and have satisfied the examiners in the 


PATHAK, Girish Kashinath5 
PEIRIS, Henry Lioyd3 


RAJADHYAKSHA, Madhav Govind?»3 


RAMASUBRAMANIAN, Sahasranas- 
mans 

RANASINGHE, Don Peter5 

RANATUNGA, Semba Kuttige3 

RAO, Prabakara Gude5 

SAHAY, Ashwiny Kumar5 

SATHYANARAYANA, Jetty Veeriah2 

SHARMA, Shubh Karan5 


The following candidates have satisfied the examiners in the subject of English: 


AGARWAL, Harsh Kumar 
BHATTACHARJEE, Pranab Kumar 
BROWN, Alexander Paterson 
BURRA, Narasimha Murty 
CHAN ENG SOON, Patrick 
CHAUDHURI, Pankaj Kumar 
DAS, Satisprasanna 


D’MELLO, Elias Michael 

DYKE, John Albert 

EHTESHAM, Mohammad 

FREEMAN, Joseph Brian Alexander 
GANASON, Ariacutty 

GLAUCH, George 

INOMA, Alexander Nchekwube 


KASINATHAN, Subramaniam 
KRISHNAMURTY, Budigi 
LYLES, John Freeman 
MEHTA, Brij Lal 
RAGHAVAN, M. V. Govinda 
RAY, Krishna Das 

ROY, Bidhan Chandra 


THE INSTITUTION EXAMINATION (PARTS iI AND III) APRIL 


PART II 
BRITISH ISLES 


ASHE, David Arnold! 

BANKS, Edward John Kenneth! 
BATF, Norman William? 
BATES, John3 

BURRELL, Laurence2 

CHORLEY, Francis Kenneth! 


OVERSEA 


DATTA, Ranjit Kumar 
GHELANI, Narottam Topan 
JAYAWICKRAMA, Priya Padma? 
MARATHEY, Jayant Purandar 
MOHIDEEN, Mohamed Junaid 


PART III 
BRITISH ISLES 


CHAKRABORTY, Jatindra Mohon 
FINLAY-MAXWELL, David Campbell!+ 


OVERSEA 


BHATTACHARYA, Himanshu Shekhar 
CHANDY, Kallookkattu Varughese‘ 
Cooray, Thakshan Rohan 

DATAR, Sharad-Chandra Govinds © 


1 Examined in Electrical Engineering I only. 


4 Passed in two Special Subjects. 
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CLARKE, Roy Wellesiey2 
CLOUGHLEY, Robert James 
DOOLEY, Brian Joseph? 
DUXBURY, Frederick Grunwell2 
FIELDING, Francis Langford! 
FREENEY, John Brendan 


NAGARAJAH, Ramappillai? 
NAGARKATTI, Durgesh Narayan 
PATEL, Suryakant Trikamlal 
PICHAI, Venugopal 
RADHAKRISHNAN, Thangavelu 


LOVELUCK, Royston’ 6 


DE JONG, Clement Victor AntonS 
GNANALINGAM, Sivagurunathar 
HAYWARD, Ian Aubrey® 

KHOSLA, Anand Prakash5 


GROVER, Derrick John? 
HEXT, George Ronald? 
HOLLAND, Brian Alfred? 
JAQUES, James Brian? 
PEARSON, Alan Eric} 
SMITH. John Alfred} 


RAJA RAO, Yadatore Narayamarao 

RAMCHANDRAN, Karumanassery 
Parasuram 

SARMA, Doraiswamy 
Sankaranarayana 


TONG, Jonathan Felix® 


KUMAR, Rajendra Nath® 
PAI, Mangalore Anantha® 
SANGER, Ishwar Chender® 


2 Examined in Electrical Engineering I and II only. 
5 Passed in Advanced Electrical Engineering. 


SHARMA, Sri Krishan5 
SIVASUBRAMANIAM, Sathasivam’s 
SRIVASTAVA, Jagdish Chandra‘ 
TALWALKER, Raghuvir Keshavrao5 
VASUDEVAN, Sengamedu S.5 

VED, Bhagwan Das?> 5 
VENKATARAO, Boyanapally5 
WILLIAMS, John Glenville Edward! 
wu, Yu Ngong3 


5 Engineering Drawing 


SETHI, Harbansh Lal 

SUBRAMANIAN, Mahadevan 

VENKATARAMAN, Komaratchi 
Subramanya 

VENKATARAMAN, S. 

WELCH, Victor Ronald 

WILLIAMSON, Jack Alan 


WEGNER, Peter2 

WELSH, Alexander Wright? 

WUESENA, Pitigala Kankanange 
Jinadasa 

WILLDEY, Geoffrey Michael? 

ZAKI, Mohamad 


SUBRAHMANYAN, Tirukalikundram 
Ranganatha 

WUJETUNGA, Lebunuhewage 
Harischandra Rohana? 


watts, Grahame Duncan 


SEEHRA, Kirpa! Singh‘ 
SUBRAHMANYAN, Tirukalikundram 
Ranganatha>: 6 


3 Examined in Thermodynamics only. 
6 Passed in one Special Subject. 
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All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


E 

I 
M 
oO 
R 

s 
U 


EDUCATION DISCUSSION CIRCLE 

INFORMAL 

MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


November 1957 


mu 19 


s 20 


Tuesday 3. M. LAYTON, V. N. MANOHAR and R. A. 
STEVENS will open a discussion on “The Measurement 
of the Dynamic Characteristics of Electrical 
Machines’t 


Wednesday ¥. MATHER ‘Earthing of Low- and 
Medium-Voltage Distribution Systems and Equip- 
ment’ (Paper No. 2420s) Synopsis: October 1957 


Thursday PROFESSOR E. BRADSHAW, M.B.E., M.SC.TECH., 
PH.D., will open a discussion on ‘High-Voltage 
Experiments’ before the Education Discussion 
Circle* (At 6 p.m., tea at 5.30 p.m.) 


Friday A series of short lectures and discussions 
on ‘Radio Observations on the Russian Satellites’. 
(Additional meeting: two sessions at 2.30 p.m. and 
5.30 p.m., with tea at 4.30 p.m.) 


Monday Informal Evening on ‘Problems of Sound 
and Television Broadcasting Coverage’, at which 
a talk will be given by G. MILLINGTON, M.A., B.SC.T 


Thursday W. A. SHARPLEY and J. V. OLDFIELD, 
B.SC.(ENG.) ‘The Digital Computer applied to the 
Design of Large Power Transformers’ (Paper 
No. 2404 s) Synopsis: August 1957 


December 1957 


MR 3 


. i 


NOVEMBER 1957 


Tuesday G. M. ETTINGER, B.SC.(ENG.), M.SC.(ENG.) 
‘Some Aspects of Half-Wave Magnetic Amplifiers’ 
(Paper No. 2353 m) Synopsis: April 1957 


G. B. B. CHAPLIN, M.SC., PH.D., and A. R. OWENS, M.SC. 
‘Some Transistor Input Stages for High-Gain D.C. 
Amplifiers’ and ‘A Transistor High-Gain Chopper- 
Type D.C. Amplifier’ (Paper No. 2382 m) Synopsis: 
July 1957 

G. B. B. CHAPLIN, M.SC., PH.D., and R. WILLIAMSON 
‘Dekatrons and Electro-Mechanical Registers oper- 
ated by Transistors’ (Paper No. 2440m) Synopsis: 
see p. 599 


Thursday (In conjunction with the British Nuclear 
Energy Conference) J. V. DUNWORTH, C.B.E., M.A., 
PH.D. Lecture on ‘Advanced Types of Power 
Reactors’ {§ 


Monday Xk. J. R. WILKINSON, D.SC., will open a 
discussion on ‘Where Should Research End and 
Development Start ?’* 


Wednesday H. E. HOLMAN, G. C. NEWTON and Ss. F. 
QUINN ‘A Flying-Spot Film Scanner for Colour 
Television’ (Paper No. 2390 r) Synopsis: June 1957 


Forthcoming Events at Savoy Place 


UR 12 
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Thursday F. BENTHAM ‘Electrical Control of Stage and 
Television Lighting’ (Paper No. 2424 vu) Synopsis: 
see p. 600 


Friday W. CHELLINGSWORTH, B.SC.(ENG.), will open a 
discussion on ‘Basic Experiments on Servo Mecha- 
nisms’ before the Education Discussion Circle* (At 
6 p.m., tea at 5.30 p.m.) 


Monday Informal Evening on ‘Electronics and 
Automation—Electronics in the Textile Industry’ at 
which there will be a talk given by K. J. BUTLERT 


Tuesday SIR EWART SMITH, M.A. Fourth Graham 
Clark Lecture on ‘The Engineer and Management’ { 
(Joint Meeting with The Institutions of Civil and of 
Mechanical Engineers at The Institution of Civil 
Engineers, Great George Street, S.W.1) 


Tuesday 3, LAMB, PH.D., M.SC. Informal Lecture on 
‘Recent Uses of Ultrasonics in Investigating the 
Characteristics of Materials’ 


Wednesday J. PIMPANEAU. Lecture on ‘The Planning 
and Construction of Large Modern Thermal Gene- 
rating Stations’ followed by a discussiont (Joint 
Meeting with the British Section of the Société des 
Ingénieurs Civils de France) 


January 1958 


MS 7 


Tuesday R. HANCOX, B.SC.(ENG.), PH.D., and H. 
TROPPER, PH.D. ‘The Breakdown of Transformer Oil 
under Impulse Voltages’ (Paper No. 2408 m) 
Synopsis: September 1957 


Thursday ?. McKEARNEY, 0.B.E., L. S. DRAKE and 
E. G. MALLALIEU, B.SC. “The Development of Variable- 
Speed High-Power Drives for Large Wind Tunnels’ 
(Paper No. 2414 u) Synopsis: see p. 600 

‘A Variable-Frequency Power Installation for Large 
Wind-Tunnel Drives’ (Paper No. 2415 U) Synopsis: 
see p. 600 


L. S. DRAKE, J. A. FOX and G. H. A. GUNNELL. ‘Speed 
Control of Large Wind Tunnels with particular 
reference to the R.A.E. 8ft by 8 ft High-Speed 
Wind Tunnel’ 

C. R. DUNHAM, M.A. ‘Data-Setting and Electrical 
Control Gear for the Flexible Nozzle and Diffuser 
of a High-Speed Wind Tunnel’ 


Monday M. HARVEY will open a discussion on “The 
Use of Electricity in the Garden by Amateurs’* 


Wednesday Section Dinner-Dance (Café Royal). 


Thursday R. H. DEAN, B.SC.TECH. ‘Recent Develop- 
ments in Medium-Voltage High-Breaking-Capacity 
Fuse Links’ (Paper No. 2419 u) Synopsis: October 
1957 


* No advance information will be available and no Press report will be permitted. 
+ An abstract will be available in advance. 

t No advance information will be available. 

§ Note. The title of Dr. Dunworth’s lecture given in the October 1957 issue of the 
Journal of the B.N.E.C. is not correct. 
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British Nuclear Energy Conference: Forthcoming Programme 


Forthcoming meetings of the British Nuclear Energy Con- 
ference are listed in the programme below. Unless otherwise 
stated, the following particulars hold for them: they take the 
form of the presentation and discussion of one or more papers; 
they are held at 5.30 p.m., with tea at 5 p.m.; and tickets of 
admission are not required. 

Where available, a synopsis of a paper is provided below 
the details of the title and author. Advance copies of papers 
can usually be obtained from the Secretary of the sponsoring 
society, not from the Secretary of the British Nuclear Energy 
Conference. 


1957 
DECEMBER 5 Thursday 


Sponsoring society and place of meeting: The Institution of 
Electrical Engineers, Savoy Place, London, W.C.2. 


A lecture on ADVANCED TYPES OF POWER REACTOR 
J. V. Dunworth, C.B.E., M.A., PH.D. 
No advance information will be available. 


1958 
JANUARY 21 Tuesday 

Sponsoring society: The Institution of Chemical Engineers, 
16 Belgrave Square, London, S.W.1. 


Place of meeting: Hoare Memorial Hall, Church House, 
London, S.W.1. At 9.30 a.m. (Morning and afternoon.) 
Registration forms and further details are obtainable from 
The Secretary, The Institution of Chemical Engineers. Owing 


to limited accommodation, early notification is advised, 
Those not attending may obtain advance copies on payment 
of the registration fee. 


SYMPOSIUM ON NUCLEAR ENERGY 


Proposed programme: 
THE COMMISSIONING AND OPERATION OF CALDER HALL 
H. G. Davey, 0.B.E., M.SC. 


FISSION PRODUCT DISPOSAL 

K. Saddington, M.sc. 

NUCLEAR CRITICALITY: A NOVEL FACTOR IN THE DEVELOPMENT 
OF PROCESSES, AND THE DESIGN AND OPERATION OF PLANT 

C. M. Nicholls, B.sc.(ENG.), and A. Gillieson 


THE MARCOULE PLUTONIUM PLANT 
R. Galley 


PROCESSING PROBLEMS OF THE HOMOGENEOUS AQUEOUS REACTOR 
I. Wells, M.sc., and E. Lofthouse, M.sc., PH.D. 


THE EXPERIMENTAL APPROACH TO THE DEVELOPMENT OF 
SOLVENT EXTRACTION PROCESSES 


A. S. White, B.sc. 


COMPUTATION OF THE PERFORMANCE OF A MULTI-COMPONENT 
SOLVENT EXTRACTION SYSTEM: SEPARATION OF URANIUM 
AND PLUTONIUM FROM FISSION PRODUCTS BY TRIBUTYL 
PHOSPHATE 


J. A. Williams, B.sc., and J. T. Wood, PH.D. 


Contents of the Gurrent Issues of the Proceedings 


The date in italics is that of the Journal review or special article. Where 
given, the date in small capitals refers to the month in which a paper 
was published individually. 


PART A. POWER ENGINEERING (OCTOBER 1957) 


See the Journal for October 1957, p. 558. 


The following paper which was included in the October Proceedings, 
Part A, was inadvertently omitted from the list of contents appearing 
on p. 558 of the October Journal. 


T. E. CALVERLEY, B.SC.(ENG.), AND D. G. TAYLOR, B.SC.(ENG.). 

PAPER NO. 2340 U, MARCH 1957 

Circuit Calculations for Rectifier Locomotives and Motor-Coaches 
June 1957. 


This paper was discussed jointly with the paper by H. B. CALVERLEY, 
E. A. K. JARVIS AND E. WILLIAMS on Electrical Equipment for Rectifier 
Locomotives, also published in the October Proceedings, Part A. 


PART B. RADIO AND ELECTRONIC 
ENGINEERING (NOVEMBER 1957) 


R. T. B. WYNN, C.B.E., M.A., AND F. A. PEACHEY. 
PAPER NO. 2329 R, APRIL 1957 


The Remote and Automatic Control of Semi-Attended Broadcasting 
Transmitters November 1957 


W. J. MORCOM, B.SC.(ENG.), WH.SC., AND D. F. BOWERS. 
PAPER NO. 2362 R, APRIL 1957 


The Design of High- and Low-Power Medium-Frequency Broad- 
casting Transmitters for Automatic and Semi-Attended Operation 
November 1957 
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Discussion on V.H.F. Broadcasting Technique before the Mersey 
and North Wales Centre 

A. W. MATZ, M.SC. PAPER NO. 2431 R, NOVEMBER 1957 

Thermal Turnover in Germanium p-n Junctions Not yet reviewed. 


A. G. MILNES, D.SC. PAPER NO. 2368 R, MAY 1957 
Transistor Circuits and Applications November 1957 


Discussion on Transistor Power Amplifiers and Transistor D.C. 
Convertors before the Western Centre 


Written discussion on A New Form of Hybrid Junction for Micro- 
wave Frequencies 

R. LEEK, B.SC.(ENG.). PAPER NO. 2411 R, NOVEMBER 1957 

The Frequency-Lock A.F.C. Circuit October 1957 


Written discussion on Acoustics of Large Orchestral Studios and 
Concert Halls 


Written discussion on The Capacitance Between Diode Electrodes 
in the Presence of Space Charges 


J. ALLISON, B.SC.(ENG.), PH.D., F. A. BENSON, D.ENG., PH.D., AND 
M. S. SEAMAN, B.ENG. PAPER NO. 2416 R, NOVEMBER 1957 


Characteristics of some Ferrous and Non-Ferrous Waveguides at 
27 Ge/s October 1957 


Discussion on The Control and Instrumentation of a Nuclear Reactor 
before the North-Eastern Centre 


PART C. MONOGRAPHS (SEPTEMBER 1957) 
See the Journal for September 1957, p. 525. 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 25TH OCTOBER 1957 


No. of 
Contributors eit 
£1000 and over 6 6000 0 O 
£100 to < £1000 30 6586 3 O 
£5 to < £100 835 8884 12 1 
£2 to <£5 2022 $528 7 il 
Under £2 22002 11505 3 1 
£38504 6 1 


APPOINTMENTS AND NOMINATIONS 
ELECTRICAL EXHIBITIONS COMMITTEE 
On the nomination of the British Electrical Development 


Association, the Council have appointed Mr. J. I. Bernard, 
B.SC.TECH., MEMBER, to serve on the above Committee. 


MEASUREMENT AND CONTROL SECTION COMMITTEE 
On the nomination of the National Physical Laboratory, the 


Council have appointed Dr. P. R. Howard, B.Sc.(ENG.), 
ASSOCIATE MEMBER, to serve on the above Committee. 


SUPPLY SECTION COMMITTEE 


The Council have nominated Dr. J. S. Forrest, M.A., MEMBER, 
to serve as their representative on the above Committee. 


UTILIZATION SECTION COMMITTEE 

On the nomination of the Ministry of Labour and National 
Service, the Ministry of Works, the Admiralty, the Air 
Ministry, and the War Office, the Council have appointed 
Mr. S. J. Emerson, M.ENG., MEMBER, Mr. P. McKearney, 
0.B.E., MEMBER, Mr. P. Smith, B.sc., MEMBER, Mr. H. F. 
Innocent, MEMBER, and Lt.-Col. R. F. Pratt, R.£., B.A., 
ASSOCIATE MEMBER, respectively, to serve on the above 
Committee. 


OVERSEA REPRESENTATIVES 

The Council have appointed Mr. A. E. C. Gibson, ASSOCIATE 
MEMBER, aS Oversea Representative of the Council for 
Pakistan, as from January 1958. 

The Council have appointed Mr. J. T. Rollo, AssoctaTE 
MEMBER, aS Oversea Representative of the Council for New 
South Wales, in succession to the late Mr. V. J. F. Brain, B.£., 
MEMBER. 


LEEDS COLLEGE OF TECHNOLOGY: ELECTRICAL 
ENGINEERING TRADES ADVISORY SUB-COMMITTEE 


The Council have nominated Mr. H. Hurworth, MEMBER, to 
serve as their representative on the above Sub-Committee. 


BOLTON TECHNICAL COLLEGE: ENGINEERING ADVISORY 
COMMITTEE 


The Council have nominated Mr. H. Diggle, B.sc.TECH., 
MEMBER, to serve as their representative on the above 
Committee. 


NOVEMBER 1957 


BIRMINGHAM COLLEGE OF TECHNOLOGY: ADVISORY 
COMMITTEE FOR ELECTRICAL ENGINEERING 


The Council have nominated Mr. H. S. Davidson, T.p.. 
MEMBER, to serve as their representative on the above 
Committee. 


CITY OF BIRMINGHAM EDUCATION DEPARTMENT: 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
FOR TECHNICAL COLLEGES OTHER THAN THE 
BIRMINGHAM COLLEGE OF TECHNOLOGY 


The Council have nominated Mr. C. J. O. Garrard, M.sc., 
MEMBER, to serve as their representative on the above 
Committee. 


LONDON GRADUATE AND STUDENT SECTION 
COMMITTEE 


The Council have nominated Mr. E. M. Hickin, AssocIATE 
MEMBER, to serve as their representative on the above 
Committee. 


NATIONAL SMOKE ABATEMENT SOCIETY 


The Council have nominated Mr. H. G. Bell, MEMBER, to 
serve as their representative on the above Society’s North 
Western Divisional Council. 


THE INSTITUTION SUMMER MEETING 


Members are asked to note that it is not proposed to hold an 
Institution Summer Meeting in 1958. For 1959, the Council, 
on behalf of The Institution, have accepted with pleasure an 
invitation from the Chairman and Committee of the North 
Midland Centre to hold a Summer Meeting that year in the 
area of the Centre. The Meeting has been provisionally fixed 
to take place towards the end of June 1959. Further details 
will be announced in due course. 


A CHRISTMAS HOLIDAY LECTURE 


At the invitation of the Council, Mr. A. R. Cooper, M.ENG., 
MEMBER, will deliver a Christmas Holiday Lecture entitled 
‘The Silent Miracle’. The lecture, which is intended for boys 
and girls in the fifth and sixth forms, will be given in the 
Lecture Theatre of The Institution on the 2nd January 1958 
at 3 p.m., and will be repeated at the same time the following 
afternoon. 

Schools in the Home Counties are being invited to apply 
for tickets, and a number of tickets will be reserved for 
members’ children; members should apply for these by the 
2nd December 1957, stating for which afternoon they are 
required. As accommodation is limited, members are asked 
not to accompany their children. 

The following is a synopsis of the lecture: 


The theme of the Christmas Lecture is photosynthesis and its role in 
the production of fuel used in the generation of electricity. The lecture 
falls into six main phases. The first phase deals with vibrations in air, 
the production of musical notes by toothed wheels and the combining 
of musical notes to produce harmony. The second phase covers electro- 
magnetic vibrations producing different colours, and the harmonizing 
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of these colours to produce white light. Green is selected as the most 
significant colour. A description of photosynthesis is then given, 
followed by a film called ‘The Miracle of Green’ to illustrate how 
photosynthesis takes place. The transformation of heat into work (by 
means of Hero’s turbine), of work into electricity and of electricity into 
light, heat and work is demonstrated in the fourth phase. Next, a large 
model of an electricity supply system is used to show how electricity is 
generated and distributed to two towns, and how the load varies during 
day and night. The last phase comments on probable future develop- 
ments in electricity generation, emphasizing the value of green plant life 
in the process of using the sun’s energy for maintaining life on this planet. 
The lecture concludes with a simple electrostatic experiment to show 
that the next phase of development will have nothing to do with photo- 
synthesis as such, but will be associated with the disintegration of 
matter by nuclear fission. 


UTILIZATION SECTION 
ANNUAL DINNER-DANCE 


As previously announced, the Annual Dinner-Dance of the 
Utilization Section will be held on the 15th January 1958 at 
the Café Royal, Regent Street, W.1. Details and application 
forms are being sent separately to all members of the Section. 


LECTURES ON ARCHITECTURE 


The Illuminating Engineering Society is arranging, in con- 
junction with the Royal Institute of British Architects, a 
series of architectural lectures which will be given in the 
building of the Royal Institute of British Architects, Portland 
Place, London, W.1, during November this year. The I.E.S. 
has kindly invited any member of The Institution, whether a 
member of the I.E.S. or not, to attend some or all of these 
lectures. Details of them are as follows: 


7th November A Review of Present Architectural Thought and 
Trends, by H. T. Cadbury-Brown, F.R.1.B.A. 
14th November School Design, by D. L. Medd, A.R.1.B.A. 
21st November Modern Planning Trends in Office Buildings and 
Factories, by John Bickerdike, A.R.1.B.A. 


27th November Planning the Interior: the Expression of Current 
Ideas and Requirements, by Brian P. Westwood, 
F.R.I.B.A. 
Each lecture begins at 6 p.m. No tickets of admission are 
required. 


METALLURGY SYMPOSIUM 
HARWELL: 9TH AND IOTH DECEMBER 1957 


A Symposium on Vacancies and Other Point Defects in Metals 
and Alloys, organized by The Institute of Metals, will be held 
at the Atomic Energy Research Establishment, Harwell, 
Berks, on the 9th and 10th December 1957. 

The Symposium will start with a tour of some of the 
laboratories at Harwell, including the Dido reactor, and this 
will be followed by an introductory lecture given by Professor 
R. W. K. Honeycombe, for the benefit of non-specialists. On 
the second day the delegates will be welcomed by Sir John 
Cockcroft, and six papers will be presented and discussed. 
Overnight accommodation will be provided at hotels in 
Abingdon and Oxford. Registration is essential, and the fee 
of £2 10s. will cover the advance copies of the papers, meals 
at Harwell, and local transport. The papers and a report of 
the discussion will be published in due course. 

Members of The Institution are cordially invited to take 
part in this meeting. Further details and registration forms 
may be obtained from the Secretary, The Institute of Metals, 
17 Belgrave Square, London, S.W.1. 
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THE BECLERE MEDAL 
AWARD TO DR. RUSSELL REYNOLDS 


Dr. Russell J. Reynolds, c.B.£.,M.B., B.S., F.R.C.P., D.M.R.E.,F.F.R,, 
MEMBER, has been awarded the Medal of the Centre Antoine 
Béclére for 1957 at Paris. The Centre Antoine Béclére is an 
international organization, and this distinguished award is a 
recognition of Dr. Reynolds’s ‘pioneer work in the field of 
medical radiology’. Dr. Reynolds has been intimately con- 
cerned with radiology since the earliest days. He and his 
father started experimenting in 1896, only a few months after 
the discovery of X-rays by R6ntgen. His original home-made 
apparatus is now at the Science Museum, South Kensington, 
He is the author of many papers on radiology published in 
medical journals, and he also wrote a paper for The Institution 
on ‘Cineradiography’ (Journal, 1936, 79, p. 389), for which 
he was awarded a Premium. 
He was Hunterian Professor 
at the Royal College of 
Surgeons in 1936-37, and 
is now Consulting Physician 
of the Department of Radio- 
logy and Electrotherapeutics, 
Charing Cross Hospital, and 
Honorary Adviser in Radio- 
logy to the Minister of 
Pensions and National Insu- 
rance and the Minister of 
Supply. Dr. Reynolds has 
been a Member of The 
Institution since 1923 and is 
an Honorary Member of the 
British Institute of Radiology, 





REPORT ON ENGINEERING 
EDUCATION IN THE SOVIET UNION 


A few copies of the above Report, which was discussed at a 
joint meeting of the three major engineering Institutions, are 
still available in the form of a pamphlet; this includes the 
discussion and an important excerpt from The Times entitled 
‘Soviet Bid for Economic Supremacy: New Challenge to the 
West’. 

The price of the pamphlet is 3s. (post free). Remittances 
should be sent to the Secretary of The Institution of Electrical 
Engineers. 


CONFERENCE ON TECHNOLOGY OF 
ENGINEERING MANUFACTURE 
LONDON: 25TH-27TH MARCH 1958 


The Institution of Mechanical Engineers is holding a 
Conference on the Technology of Engineering Manufacture 
from the 25th to 27th March 1958 in London. Some sixty 
papers will be presented and discussed, and these fall into 
three main groups: Forming of Materials, Machining of 
Materials and Inspection Techniques. Some of the papers are 
of direct electrical interest, such as those on Modern Develop- 
ments in Resistance Welding and in Arc Welding, Electro- 
Polishing, Ultrasonic Machine Tools, and the Automatic 
Control of Machine Tools. The Chairman of the Planning 
Panel is Dr. D. F. Galloway, a Member of Council of The 
Institution of Mechanical Engineers and Director of the 
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Production Engineering Research Association. The Con- 
ference is open to anyone interested, but it is necessary to 
register in advance, the fee for non-members of The Institution 
of Mechanical Engineers being £2 15s. Advance copies of 
papers will be issued in batches as they become available. A 
complete set can be obtained by registered members of the 
Conference for £2 2s. The venue in London for the Conference 
has not yet been fixed and will depend on the numbers 
registering. Further information may be obtained from the 
Secretary, The Institution of Mechanical Engineers, 1 Bird- 
cage Walk, Westminster, London, S.W.1. 


CONVENTION ON RADIO AIDS TO 
AERONAUTICAL AND MARINE 
NAVIGATION 


27TH-28TH MARCH 1958 


The Committee of the Radio and Telecommunication Section 
of The Institution, with the approval of the Council, are 
arranging a Convention on Radio Aids to Aeronautical and 
Marine Navigation, to be held at The Institution on the 27th 
and 28th March 1958. The following subjects will be covered: 
Ground, Air and Shipborne Radar; Harbour and Airfield 
Approach Aids; Hyperbolic and Distance Bearing Naviga- 
tional Aids; and Doppler and Inertia Navigation. 

Those wishing to attend the Convention, both members 
and non-members, will be required to register. The registra- 
tion fee and any other fees will be announced in due course. 

A preliminary reply form is enclosed with this issue of the 
Journal to all members of the Radio and Telecommunication 
Section and subscribers to Part B of the Proceedings. Others 
wishing to participate should apply to the Secretary of The 
Institution for a copy of the registration form to be sent to 
them when it becomes available. 

Copies of as many of the papers as possible will be pub- 
lished in advance and the complete proceedings of the Con- 
vention will be issued as a Supplement to Part B of the 
Proceedings. Application for this Supplement can be made on 
the registration form. 


RADIO OBSERVATIONS ON THE 
RUSSIAN SATELLITES 


ADDITIONAL MEETING: 22ND NOVEMBER 1957 


An additional meeting of the Radio and Telecommunication 
Section has been arranged for Friday, 22nd November 1957, 
when there will be a discussion on ‘Radio Observations on the 
Russian Satellites’. A number of short contributions will be 
presented, describing the part which radio is playing in 
observing the behaviour of the satellites. The meeting will begin 
with an afternoon session from 2.30 to 4.30 p.m., to be 
followed by tea and an evening session starting at 5.30 p.m. 
In both sessions, ample time will be allowed for discussion. 
As soon as possible after the meeting, the contributions, and 
the discussion thereon, will be published in the Proceedings. 
An account of the meeting will also appear in the Journal. 


SUBSCRIPTIONS AND NATIONAL 
SERVICE 


Under a recommendation approved by the Council the 
subscription payable by Graduate and Student members 
during their term of National Service is reduced to 10s. per 


NOVEMBER 1957 


annum. A member wishing to take advantage of this dispensa- 
tion should advise the Secretary, giving the date of his call-up. 


COST OF THE PROCEEDINGS 


The October Journal carried an announcement on p. 560 to 
the effect that the Council had decided that it would be 
necessary to increase the charges made to members for copies 
of the separate parts of the Proceedings on the Ist January 
next. Since the present subscription rates were fixed in 1954 
there have been marked increases in the costs of production 
and circulation, and in order to avoid a further drain on the 
general funds of The Institution, the Council have decided 
that they must ask readers of the Proceedings to make a 
direct contribution towards meeting the increased costs. The 
magnitude of these increased costs of production and distri- 
bution may not be fully realized. The cost of printing and 
binding rose during the past year by 20%, and the cost of 
the raw material, the paper, by 5%, but there had been suc- 
cessive increases under both these heads in the two previous 
years which had not been met by any increase in the charges 
made for these publications. The 1956 increase in postal rates 
represented, so far as the circulation of the Journal and 
Proceedings was concerned, an extra charge of nearly £6,000 
per annum, and on the Ist October 1957 there was a further 
increase of the same order. Briefly the result is that the cost 
of the Journal and Proceedings is now over 100% more than 
it was when the present subscription rates for the supply of 
the Proceedings to members were fixed. 


THE BENEVOLENT FUND 


The Court of Governors are pleased to acknowledge a contri- 
bution of £1 to the Benevolent Fund, sent by an anonymous 
donor. 








District Meetings 


Arrangements for District Meetings in November and 
December other than those in the area of a Local Centre. 
November 1957 
BEDFORD (At the Swan Hotel, Bedford, at 
7.15 p.m., refreshments at 6.30 p.m.) 


19 Tuesday 3. T. KENDALL, M.A., PH.D. Lecture on 
‘Transistors—their Manufacture and Field of 
Application’ 

READING (At the George Hotel, King Street, 
Reading, at 7.15 p.m.) 
25 Monday J. H. GOSDEN, B.Sc. ‘Cathodic Protection’ 


December 1957 

MAIDSTONE (At the Maidstone Technical Col- 
lege, Tonbridge Road, Maidstone, at 6.30 p.m., for 
7 p.m.) 

2 Monday DR. E. H. BELCHER ‘Some Medical Uses of 
Radioactive Isotopes’ 
HATFIELD (At the Hatfield Technical College at 
7 p.m., tea at 6 p.m.) 

10 Tuesday 3. G. P. ANDERSON, B.SC. ‘Circuit-Breaker 
Testing’ 
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NEWS from Abroad 





BRISBANE 
QUEENSLAND OVERSEA COMMITTEE 


At a combined meeting with The Institution of Engineers, 
Australia, on the 24th July 1957, an address was presented by 
Professor S. A. Prentice, of the Department of Electrical 
Engineering in the University of Queensland, on Electrical 
Engineering Education. This meeting was arranged by our 
Institution, and was under the chairmanship of Mr. J. S. Just. 

The lecturer commented on training in universities and 
technical colleges and asked for closer co-ordination between 
the two. He referred to the importance of continually 
reviewing the curriculum in any educational institution. 
Trends in Australia would be along the lines of more 
specialization, elimination of less essential topics and possible 
lengthening of courses. There was comment on the necessity 
of increasing the numbers trained by technical colleges to an 
‘approved’ diploma standard, and provision for transfer to 
the technical colleges of those who are eliminated from the 
earlier university years and who may otherwise be lost to 
engineering. 

A comparison made between the numbers under training 
in Australia and those in other countries, notably the United 
Kingdom, the United States and the U.S.S.R., made it clear 


DIMENSIONS IN DISPUTE (contd. from p. 583) 


quoted as the dimensions of a physical concept was a 
precise and compact statement of its definition and 
origin. Mr. Connelly also supported the 3-dimensional 
view of length mentioned by earlier speakers, but 
questioned whether mass, length and time should still be 
considered as fundamental quantities. Profitable develop- 
ment of dimensional analysis might arise from con- 
sidering ‘action’ (Planck’s constant), ‘velocity’ and ‘space- 
time’ as the fundamentals; at least one interesting 
conclusion was that the universe is not expanding. 

Mr. Carpenter, too, agreed that differences of opinion 
were bound to arise from the lack of a clear definition of 
‘dimension’, and pointed out that algebraic equations 
could be interpreted only when the symbols stood for 
numbers, although Mr. Newson warned that, when 
applying dimensional considerations to physical relation- 
ships, one must take care to include all possible variables, 
not merely those it was intended to study. 

It is hardly surprising that the discussion tended 
towards philosophy and metaphysics, but Professor 
Kapp brought it down to earth with a bump when he 
began his reply with the contention that dimensional 
theory was so simple that ‘theory’ was too pretentious a 
description, and everything relevant to the subject could 
be understood by a sixth-form schoolboy. A simple 
algebraic device had become unhealthy, and the only 
charitable diagnosis was that ‘dimensions’ meant 
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that there is room for considerable expansion in Australia, 
This will entail an appreciable increase in training facilities 


and provision of a higher staff-student ratio. Ww.LG. 


BUENOS AIRES 
ARGENTINA 


JOINT OVERSEA GROUP 


Members of the Argentina Joint Oversea Group were invited 
to visit the aircraft carrier H.M.S. Warrior on the 10th 
September during her visit to Buenos Aires; many members 
were able to accept the invitation. 

The Pan-American Railway Conference took place in 
Buenos Aires in September, and members of the Group were 
invited to one of the sessions. At this session three papers 
were presented: one was by Mr. John H. Taylor, M.1.c.z,, 
who spoke on the contribution that oversea engineers had 
made to the Argentine railways. A. C.% 


OVERSEA ATTENDANCE REGISTER | 


During the period 16th September to 15th October the following 
members called at the Institution building and signed the Attendance 
Register of Oversea Members: 
BLANCHETTE, R. G. (Singapore) 
COURT, G. W. G., B.sc. (Wellington, 
New Zealand) 
DAS, B. V. R. (Bombay) 
de MEL, C. H. J. (Kandy, Ceylon) 
FURBER, H. D. (Tripoli, Lebanon) 
GUPTA, K. A. (Delhi) 
HALDEN, W. E. (Ghatsila, India) 
ISAAC, A. C. T. (Port Elizabeth, 
S. Africa) 


JHALAM, D. V. (Bombay) 
KING, J. L., 0.B.£. (Lagos) 
LITTLER, G. E., B.£. (Brisbane) 
MOORE, G. W. (Baghdad) 
PLUMMER, D. (Los Angeles) 
SANDS, E. C. (Nassau, Bahamas) 
SIMMONDS, R. K.., B.SC.(ENG.) 
(Nairobi) 
WALDEN, H. D., B.sc. (Trinidad) 
WINTER, F. (Lagos) 


different things to different people. His interpretation 
was algebraic, and to those who thought otherwise the 
paper must have seemed as irrelevant as their comments 
seemed to him. He reiterated that he could not see how 
a letter symbol could embody information about the 
process by which a quantity had been measured; those 
who claimed to do so surely failed to appreciate that one 
used a symbol rather than a number precisely because one 
wanted to make a statement which was independent of 
both the method of measurement and the specific value 
the quantity might have at a particular instant. He wel- 
comed Professor Bradshaw’s views on the 3-dimensional 
aspect of length, and Mr. Young’s proposal to give 
dimensional status to plane and solid angle. Professor 
Cullen’s comparison between turns and cells in parallel 
was particularly helpful, and confusion could be avoided 
if one used ‘permeance’ when concerned with the medium 
and ‘permeability’ when concerned with the circuit. 
He agreed with Dr. Chapman’s views on acceleration, 
but pointed out that in experiments with weights and 
balances one measured the effect of total, not unit, mass. 

Concluding a shrewd reply which took full advantage 
of his right to the last word, Professor Kapp recalled that 
dimensions were no more than a means of defining 
physical quantities in algebraic terms, and suggested that 
the true diagnosis of the disease which beset the theory 
of dimensions was that this simple fact had not been 
appreciated. A definition could not be found by measure- 
ment or experiment—only by taking thought. 
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Association. 

British Standards Institution. 

Ministry of Supply. 

Ministry of Transport and Civil Aviation. 

Post Office. 

Radio Communication and Electronic 
Engineering Association. 

Royal Aeronautical Society. 

Society of British Aircraft Constructors. 


REGULATIONS FOR THE ELECTRICAL 


EQUIPMENT OF 


Chairman: Forbes Jackson. 


S. L. M. Barlow. 


J. I. Bernard, B.sc. TECH. 


Bryan Donkin, B.A. 

H. W. Grimmitt, c.B.£. 
F. H. Mann. 

J. S. McCulloch. 

and 

C. J. Manning 

H. F. Innocent 

W. McDermott, B.sc. 
R. W. H. Couzens, M.A. 
W. F. Parker 


E. E. Hutchings, 
B.SC.(ENG.) 
T. M. H. Stubbs 


E. G. Goodhew 

J. F. Stanley, B.sc.(ENG.) 

J. A. Broughall, B.sc. 

J. R. Cox 

H. G. F. Gamble 

M. D. Stonehouse 

A. E. J. Whitcher, 
B.SC.(ENG.) 

Ww. 

R. A. Marryatt, 
B.SC.(ENG.) 

D. G. Lindsay 

W. S. Gardner 


D. Whittaker, B.sc. 
G. E. Skillington 
. E. Mills 
.G. Crocker 
e Emerson, M.ENG. 
a oe Linton 
. James 
. Bedford, 
SC. (ENG.) 
. Wyke, B.sc. 
. Sutton 


. N. Baillie 
. Allan 
r A. S. Crawford 
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Vice-Chairman: S. E. Goodall, 
M.SC.(ENG.). 

A. F. Plummer, M.c. 

E. A. Reynolds, M.A. 

H. W. Swann, 0.B.E. 

G. O. Watson. 

The Chairman of the Utilization 
Section (ex officio). 

nominated by 

Admiralty. 

Air Ministry. 

Associated Offices Technical Committee. 

Association of Consulting Engineers. 

Association of Supervising Electrical 
Engineers. 

British Electrical and Allied Industries 
Research Association. 

British Electrical and Allied Manufacturers’ 
Association. 

British Radio Equipment Manufacturers’ 
Association. 

British Standards Institution. 

British Transport Commission. 

Cable Makers Association. 


Central Electricity Authority and Area 
Boards. 


J. Jones, M.sc.(ENG.)” Electric Lamp Industry Council. 


Electrical Contractors’ Association. 


Electrical Contractors’ Association of 
Scotland. 

Electricity Board for Northern Ireland. 

Engineer Surveyors’ Association. 

Engineering Equipment Users Association. 

Fire Offices Committee. 

Independent Cable Makers’ Association. 

Ministry of Labour and National Service. 

Ministry of Power. 

Ministry of Supply. 

Ministry of Works. 


National Coal Board. 

National Inspection Council for Electrical 
Installation Contracting. 

North of Scotland Hydro-Electric Board, 

South of Scotland Electricity Board. 

War Office. 


t+ Alternate: T. H. Adie. 


REGULATIONS FOR THE ELECTRICAL 
EQUIPMENT OF SHIPS 


Chairman: G. O. Watson. 


Sir Archibald J. Gill, B.sc.(ENG.). 


T. Golding, 0.B.£. 
A. Henderson. 


H. Camden MacEwan. 


and 


W. C. M. Couch, c.B., 


C.B.E. 

E. E. Hutchings, 
B.SC.(ENG.) 

H. R. Canning 

J. O. Knowles, M.A. 

F. W. H. Shaw 

G. J. Tuke, B.sc. 

L. V. Horn 

A. V. Milton 

W. Muir Goodfellow 


A. N. Savage 

H. B. Hughes, 
B.SC.(ENG.) 

H. R. Canning 

J. B. Peacock, 
B.SC.(ENG.) 

A. G. Stonebanks 

G. Auterson, B.Sc. 

S. J. Emerson, M.ENG. 

F. J. Welch, c.B.e. 

A. S. Brown, M.B.E. 


Lt.-Col. R. M. Billing- 
ton, T.D., M.SC.(ENG.) 


G. J. McDonald, 
B.SC.(ENG.) 

J. Blackie 

J. E. Williamson 

F. H. Fletcher, B.ENG. 


A. N. Savage. 
G. J. Tuke, B.sc. 
T. S. Wood, M.B.E. 


nominated by 
Admiralty. 


British Electrical and Allied Industries 
Research Association. 

British Electrical and Allied Manufacturers’ 
Association. 

Cable Makers Association. 


\ Chamber of Shipping of the United Kingdom, 


Electrical Contractors’ Association. 

Electrical Contractors’ Association of 
Scotland. 

Institute of Marine Engineers. 

Institution of Engineers and Shipbuilders in 
Scotland. 

Institution of Naval Architects. 


} 
pa Steamship Owners” Association. 


Lloyd’s Register of Shipping. 

Ministry of Labour and National Service. 

Ministry of Transport and Civil Aviation. 

North-East Coast Institution of Engineers and 
Shipbuilders. 

Post Office. 


Radio Communication and Electronic 
Engineering Association. 


\ Shipbuilding Conference. 


Telecommunication Engineering and Manu- 
facturing Association. 


RADIO INTERFERENCE 
Chairman: O. W. Humphreys, C.B.E., B.SC. 


J. R. Beard, C.B.£., M.SC. 
N. R. Bligh, B.sc.(ENG.). 
F. T. Chapman, c.B.E., D.SC.(ENG.), 


B.SC. 
and 


Lt. D. R. Leighton, 
R.N., B.A. 
tC. F. Sutton, M.A. 


R. T. B. Wynn, C.B.E., 


M.A. 
A. H. Bennett 
T. M. H. Stubbs 


Dr. P. Bauwens, 
M.R.C.S., M.R.C.P. 

D. A. Weale 

G. O. Watson 


J.S. Forrest, D.sc., M. 

C. E. Hollingworth, 
B.ENG. 

R. L. Smith-Rose, 
D.SC., PH.D. 

Appointment pending 

C. J. Veness 

J. Stuart Denholm 


P. A. T. Bevan, B.Sc. 
H. C. Johnson, 0.B.£. 
A. T. Baldock 

W. L. Shaw 
Appointment pending 
H. Stanesby 

*E. M. Lee, B.sc. 

A. H. Ball 

C. L. Walters 


Technical Secretariat: 


T. E. Goldup, c.B.e. 

The Chairman of the Radio and 
Telecommunication Section (ex 
officio). 

nominated by 

Admiralty. 


Air Ministry. 
British Broadcasting Corporation. 


British Electrical and Allied Industries 
Research Association. 

British Electrical and Allied Manufacturers’ 
Association. 

British Medical Association. 


British Standards Institution. } 
B.S.I. Sub-Committee ELE/32/6— Marine 
Installations. 


ie | Central Electricity Authority and Area 


Boards. 


Department of Scientific and Industrial 


Research. 
Electrical Association for Women. 
Electrical Contractors’ Association. 
Electrical Contractors’ Association of 
Scotland. 
Independent Television Authority. 
Institute of Transport. 
Ministry of Power. 
Ministry of Transport and Civil Aviation. 
North of Scotland Hydro-Electric Board. 
Post Office. 
Radio Industry Council. 
Society of Motor Manufacturers and Traders. 
South of Scotland Electricity Board. 


E. L. E. Pawley, 0.B.£., M.SC.(ENG.)—British Broadcasting Corporation. 
C. W. Sowton, B.sc.—Post Office. 
The Secretary of The Institution (or his deputy). 


t Alternate: C. W. Palmer. 


* Alternate: A. H. Cooper, B.sc. 
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COMMITTEE ON MODEL FORMS OF GENERAL 
CONDITIONS OF CONTRACT (ELECTRICAL) 


Chairman: T. G. N. Haldane, M.a. 

R. W. Mountain, B.SC.(ENG.). J. F. St.G. Shaw, B.sc.(ENG.). 

and nominated by 

F.H. Dickinson, M.ENG. Association of Consulting Engineers. 

= 4 aaa B-A-) British Electrical and Allied Manufacturers’ 
oT: i tiie Association. 

M. Landers 

J. A. Broughall, B.sc. )\ 


T. S. Pick, B.Sc.(ENG.) J British Transport Commission. 


W. A Coad \Cable Makers Association. 
R. Birt, B.sC.(ENG.) 7 
H. B. Morton | Central Electricity Authority and Area 
F.S. Naylor, B.sc.(ENG.) Boards. 
L.H. Welch; B.Sc.(ENG.) | 
§M. H. Bower National Coal Board. 
G. T. N. Hagart North of Scotland Hydro-Electric Board. 
L. T. Hinton, Radio Industry Council. 
B.SC.(ENG.) 
F. W. Oakley Telecommunication Engineering and 


: } Manufacturing Association. 
with Eric Davies, B.A., LL.B. 
§ Alternate: G. F. Whalley. 


JOINT COMMITTEE ON MODEL FORMS OF 

GENERAL CONDITIONS OF CONTRACT 

Chairman: T. G. N. Haldane, m.a. 

The Presidents of The Institution of Mechanical Engineers and of The 
Institution of Electrical Engineers (ex officio). 

Sir Claude Gibb, c.B.£., D.SC.,M.E., R. W. Mountain, B.sc.(ENG.). 
F.R.S. J. F. St.G. Shaw, B.sc.(ENG.). 

A. C. Hartley, c.B.£., B.sc.(ENG.). Sir Ewart Smith, M.A. 

and nominated by 

F.H. Dickinson,M.ENG. Association of Consulting Engineers. 


= - Ft greti ve British Electrical and Allied Manufacturers’ 


M. Landers J Association. 

ek keene a } British Engineers’ Association. 

L. C. C. Bell British Iron and Steel Federation. 
= aoe ae } British Transport Commission. 
Hee Budd \ Cable Makers’ Association. 


EAST MIDLAND CENTRE 


Chairman: J. D. Pierce. 

Past-Chairmen: Major H. E. Knight, £.r.p.; J. H. Mitchell, B.sc., PH.D.; 
F. R. C. Roberts; H. L. Haslegrave, M.A., PH.D., M.SC.(ENG.). 

Vice-Chairmen: D. E. Lambert, B.sc.(ENG.); D. H. Parry, B.sc. 

W. Alexander, M.SC.(ENG.), PH.D. Professor J. E. Parton, B.sc., PH.D. 

F. J. Broadley. J. R. Pollard, M.A. 


Lt.-Col. W. E. Gill, T.p. E. H. Pooley. 

E. R. Knight, B.—ENG. R. G. L. Ryan. 

Col. G. W. Parkin, M.ENG., A. E. Strong, B.SC.(ENG.). 
R.E.M.E. H. Topley. 


Ex officio: G. E. Middleton, M.a.; Capt. N. Hiller, B.Sc.(ENG.). 

Hon. Secretary: H. T. Price, Brush Electrical Engineering Co., Ltd., 
Loughborough. 

Hon. Asst. Secretary: J. Barnes, 13 Oakwell Drive, Ilkeston, Derbyshire. 

Hon. Treasurer: H. Buckingham, PH.D., M.Sc.(ENG.), Head of Dept. of 
Electrical Engineering, College of Technology, Loughborough. 


EAST ANGLIAN SUB-CENTRE 

Chairman: G. E. Middleton, M.A. 

Past-Chairmen: E. T. Norris; J. A. Sumner. 

Vice-Chairmen: R. A. W. Connor; D. H. McCracken, B.Sc.TECH. 


C. F. C. Brenan, B.sc. J. Lyons. 

G. N. Green. J. R. Rowbottom. 
E. Hoare, B.SC.(ENG.). K. K. Schwarz, M.A. 
G. M. Holland. D. Weighton, M.A. 
K. Hudson. 


Ex officio: Professor E. B. Moullin, M.A., sc.p.; C. T. Melling, c.B.£., 
M.SC.TECH.; N. C. Rolfe, B.sc.(ENG.); D. B. Welbourn, M.A. 

Hon. Secretary: Capt. N. Hiller, 8.sc.(ENG.), Cambridgeshire Technical 
College and School of Art, Collier Road, Cambridge. 

Hon. Asst. Secretary: J. H. Howard, 28a Cavendish Avenue, Cambridge. 

Hon. Treasurer: F. M. Pratt, B.X. Plastics, Ltd., Brantham Works, 
Nr. Manningtree, Essex. 
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R. Birt, B.sc.(ENG.) 

H. B. Morton Central Electricity Authority and Area 

F.S. Naylor, B.sc.(ENG.) Boards. 

L. H. Welch, B.sc.(ENG.) 

§M. H. Bower National Coal Board. 

G. T. N. Hagart North of Scotland Hydro-Electric Board. 

G. D. G. Perkins Port of London Authority. 

L.T.Hinton,B.sc.(ENG.) Radio Industry Council. 

F. W. Oakley Telecommunication Engineering and 
Manufacturing Association. 

C. G. Walkden Water-Tube Boilermakers’ Association. 


with Eric Davies, B.A., LL.B. 
§ Alternate: G. F. Whalley. 


OPERATING THEATRES ELECTRICAL 
APPARATUS COMMITTEE 
Chairman: H. T. Young. 

Forbes Jackson. 

E. H. Rayner, M.A., SC.D. 


H. W. Swann, 0.B.£. 
Professor D. T. A. Townend, 


D.SC., PH.D. 
and nominated by 
Dr. H. J. V. Morton British Medical Association. 
P. G. Phelps 


} Manufacturers of electromedical apparatus. 


Ministry of Works. 
Royal College of Surgeons. 


E. H. Willis 
P. McKearney, 0.B.E. 
Sir Henry S. Souttar, 


C.B.E. 
Dr. C. F. Hadfield, 
M.B.E., M.A. 
Appointment pending 


Royal Society of Medicine. 


Wiring Regulations Committee. 


COURT OF GOVERNORS, INCORPORATED 

BENEVOLENT FUND 

Chairman: The President. 

Representing the Council: 

Sir Noel Ashbridge, B.sc.(ENG.). 

J. R. Beard, C.B.E£., M.Sc. 

Sir Harold Bishop, c.B.e., 
B.SC.(ENG.). 

Sir Josiah Eccles, c.B.£., D.SC. 

The Rt. Hon. The Viscount Fal- 
mouth. 

Professor J. Greig, M.SC., PH.D. 

Also the Chairmen of Local Centres. 

Hon. Secretary: W. K. Brasher, C.B.E., M.A. 


Representing the Contributors: 
H. W. Grimmitt, C.B.E. 

E. Leete. 

A. H. McQueen. 


Local Centre Committees, 1957-58 
CAMBRIDGE RADIO AND TELECOMMUNICATION 
ROUP 


Chairman: N. C. Rolfe, B.sc.(ENG.). 
Past-Chairman: J. G. Yates, M.A. 


H. L. Carson. T. A. Mugford. 

S. J. Edwards. E. D. S. Salt, B.sc. 

M. P. Fox. K. F. Sander, M.A., PH.D., B.SC. 
Capt. N. Hiller, B.sc.(ENG.). R. R. Woollard, B.sc. 


Hon. Secretary: H. V. Beck, B.sc., The Cavendish Laboratory, Free 
School Lane, Cambridge. 


East Midland Graduate and Student Section 

Chairman: G. M. Bayley, B.SC.(ENG.). 

Vice-Chairman: R. M. Langdale. 

Hon. Secretary: A. Wren, Lancashire Dynamo and Crypto Ltd., 
10 King John’s Chambers, Bridlesmith Gate, Nottingham. 


MERSEY AND NORTH WALES CENTRE 

Chairman: T. Makin. 

Past-Chairmen: W. A. Hatch, M.B.£.; P. R. Dunn, B.Sc. ; 
Professor J. M. Meek, D.ENG.; P. d’E. Stowell, B.SC.(ENG.). 

Vice-Chairmen: T. A. P. Colledge, B.sc.(ENG.); J. Collins. 


G. J. Aitcheson, B.E. D. A. Picken. 

T. I. Canning. R. Porter, B.sc. 

W. J. J. Curry, B.SC., PH.D. T. R. Rayner. 

R. M. Gravett. G. L. Simpson, B.SC.(ENG.). 
D. H. Kendon, B.sc.(ENG.). A. G. Stonebanks. 

A. R. Kinsman, B.sc. K. N. Swash. 

J. B. Lancaster, B.Sc. A. C. Warman. 


R. N. Pegg. 

Ex officio: Professor E. W. Marchant, p.sc.; J. B. Higham, PH.D., B.SC. 

Hon. Secretary: S. Towill, B.sc.(ENG.), 74 Hoole Road, Chester. 

Hon. Asst. Secretaries: G. W. Barlow, B.sc.TECH., c/o The English 
Electric Co., Ltd., East Lancashire Road, Liverpool, 10; 
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J. N. Fletcher, B.sc., PH.D., Brookhirst Switchgear Ltd., Northgate 
Works, Chester. : 

Hon. Treasurer: W. Parry, M.ENG., ‘Scaur’, Birkenhead Road, Gt. 
Meols, Hoylake, Wirral, Cheshire. 


Mersey and North Wales Graduate and Student Section 
Chairman: T. I. Canning, B.sc. 

Vice-Chairman: J. C. B. McKeand, B.sc. 

Hon. Secretary: R. Porter, B.sc., 69 Myrtle Street, Liverpool, 7. 


NORTH-EASTERN CENTRE 

Chairman: T. W. Wilcox. 

Past-Chairmen: A. H. Kenyon; J. Christie. 

Vice-Chairmen: A. T. Crawford, B.sc.; H. Watson-Jones, M.ENG. 
J. C. Arkless, B.sc. R. A. Hore, B.Sc., M.A. 


N. H. Bennett. N. F. Marsh, M.A. 

A J. Burns. R. R. Pattinson. 

J. T. Clewley. R. G. Scotson. 

F. S. Fay, M.A. E. C. Scott, B.sc.(ENG.). 
W. Gray. J. D. Smith. 

E. J. Grubb, B.sc. D. H. Thomas, M.SC.TECH., 
H. G. Harlow, B.sc. B.SC.(ENG.). 


G. H. Hickling, B.sc. A. F. Twycross. 

Ex officio: D. G. Furneaux, B.sc.(ENG.); H. H. Mullens, B.sc.; 
P. J. Ryle, B.sc.(enG.); J. G. Winnard. 

Hon. Secretary: R. Bruce, M.sc., C. A. Parsons and Co., Ltd., Heaton 
Works, Newcastle upon Tyne, 6. 

Asst. Secretary: R. W. Shield, 152 Edge Hill, Darras Hall, Ponteland, 
Newcastle upon Tyne. 

Hon. Treasurer: J. 8S. McCulloch, West Close, Hextol Terrace, Hexham, 
Northumberland. 


TEES-SIDE SUB-CENTRE 
Chairman: D. G. Furneaux, B.Sc.(ENG.). 
Past-Chairmen: J. Higson; F. W. Allan. 
Vice-Chairman: L. F. Robson, B.A. 


N. Burley. J. H. S. Morris, B.sc. 
W. A. Crocker. J. C. B. Nicol, B.sc.(ENG.). 
Major G. F. Elliott, B.sc., J. Norton. 
R.E.M.E. W. E. Redmayne. 
R. Headey. T. W. J. Temple. 
N. Hunter. J. Wyld. 


V. F. Lord, B.sc.(ENG.). 
Hon. Secretary: J. G. Winnard, 18 Richmond Road, Redcar, Yorks. 
Hon. Treasurer: J. E. Trafford, 85 High Street, Coatham, Redcar, Yorks. 


NORTH-EASTERN RADIO AND MEASUREMENT GROUP 
Chairman: W. Gray. 
Past-Chairman: A. E. Twycross. 


W. Brittlebank, B.sc. H. M. S. Smith. 
W. H. Colby. D. H. Thomas, M.SC.TECH., 
J. C. Prescott, D.ENG. B.SC.(ENG.). 


Hon. Secretary: R. Bruce, m.sc., C. A. Parsons & Co., Ltd., Heaton 
Works, Newcastle upon Tyne, 6 

Hon. Asst. Secretary: R. F. Cockburn, Rutherford College of Tech- 
nology, Northumberland Road, Newcastle upon Tyne, 1. 

Hon. Treasurer: J. S. McCulloch. 


North-Eastern Graduate and Student Section 

Chairman: J. D. Smith, B.sc. 

Vice-Chairman: J. N. H. Ward, B.sc. 

Hon. Secretary and Treasurer: J. A. Denham, B.sc.(eNG.), 12 Langdon 
Road, Hill Head, Westerhope, Newcastle upon Tyne, 5. 


TEES-SIDE GRADUATE AND STUDENT SECTION 
Chairman: M. S. Beck, M.sc. 
Vice-Chairman: L. M. Arrowsmith, B.sc. 


Hon. Secretary: J. A. Green, 33 Gunnergate Lane, Marton-in-Cleveland, 
Middlesbrough. 


NORTH MIDLAND CENTRE 

Chairman: A. J. Coveney. 

Past-Chairmen: E. C. Walton, PH.D., B.ENG.; H. S. Moody, B.SC.(ENG.); 
G. Caton; W. K. Fleming. 

Vice-Chairmen: J. D. Nicholson, B.sc.; F. W. Fletcher; 
Professor G. W. Carter, M.A. 

F. A. W. Austin. W. S. Milner, M.ENG., DIP.ING. 

M. E. Broadbent. H. Myers, B.ENG. 

J. L. Browell. W. J. A. Painter. 

O. I. Butler, p.sc. G. N. Patchett, B.sc., PH.D. 

J. F. Cunningham. H. Pickup, B.SC.TECH. 

T. Duerden, B.sc.TECH. L. E. Ryall, PH.D.(ENG.). 

N. S. Goddard. J. A. Walker. 

A. Haddock, B.sc. W. J. Wilson. 

Hon. Secretary: H. A. Carr, c/o A. Reyrolle & Co., Ltd., 20 St. Paul’s 
Street, Leeds, 1. 
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Hon. Asst. Secretary: T. H. Scholes, c/o A. Reyrolle & Co., Ltd, 
20 St. Paul’s Street, Leeds, 1. 
Hon. Treasurer: J. V. Werrell, 8.sc.(ENG.), 472 Spen Lane, Leeds, 6. 


SHEFFIELD SUB-CENTRE 

Chairman: O. 1. Butler, D.sc. 

Past-Chairmen: G. G. Nicholson, M.ENG.; F. L. Parkin, B.sc.(ENG.), 
Vice-Chairmen: F. A. Benson, PH.D., M.ENG.; F. G. Tyack. 


H. Anderson. E. J. Lilleker. 

E. G. Ashton, B.SC., PH.D. D. McFarland, B.sc. 
D. R. Eastwood. J. B. Machin. 

J. L. Ferns, B.sc. R. H. Price. 


E. F. F. Gillespie, M.ENG. L. F. Southorn. 

E. Hartley. 

Hon. Secretary: J. A. Walker, 154 Springfield Road, Sheffield, 7. 

Hon. Asst. Secretary: G. L. Mason, 36 Totley Brook Road, Sheffield, 


Hon. Treasurer: F. Seddon, 85 Whirlowdale Road, Sheffield, 7. 


NORTH MIDLAND UTILIZATION GROUP 

Chairman: J. L. Browell. 

G. A. Farthing, T.D. 

E. E. M. Lewin. 

W. Paterson, B.SC. 

Ex officio: R. Spence (Past-Chairman); H. A. Carr; A. J. Coveney; 
H. Myers, B.ENG. 

Hon. Secretary: G. Auton, Yorkshire Switchgear and Engineering Co. 
Ltd., Meanwood, Leeds, 6. 

Hon. Asst. Secretary: E. R. W. Brinkworth, c/o George Ellison Ltd., 
Norwich Union Building, City Square, Leeds, 1. 


North Midland Graduate and Student Section 

Chairman: H. Myers, B.ENG. 

Vice-Chairman: D. Hardy, B.Sc. 

Hon. Secretary: D. C. Graham, B.sc.(ENG.), 288 Horbury Road, 
Wakefield, Yorks. 


Sheffield Graduate and Student Section 

Chairman: E. Hartley. 

Vice-Chairman: R. Pickles. 

Hon. Secretary: E. F. F. Gillespie, M.eENG., 61 Lyminster Road, 
Sheffield, 6. 


NORTH-WESTERN CENTRE 

Chairman: F. R. Perry, M.SC.TECH. 

Past-Chairmen: H. West, M.Sc.; Professor E. Bradshaw, M.B.E., PH.D., 
M.SC.TECH.; G. V. Sadler; T. E. Daniel, M.ENG. 

Vice-Chairmen: J. E. L. Robinson, m.sc.; Professor F. C. Williams, 
O.B.E., D.SC., D.PHIL., F.R.S. 


C. R. Taylor, M.sc. 
A. R. Rumfitt. 


J. Almond. F. Linley. 

J. W. Binns. W. McDermott, B.SC.TECH. 
J. D. Carter. C. Ryder. 

C. H. Flurscheim, B.A. L. F. Ryiand, B.Sc.(ENG.). 
N. N. Hancock, M.SC.TECH. W. D. Sutcliffe. 


F. J. Hutchinson, M.ENG. 

Ex officio: Sir Vincent Z. de Ferranti, m.c.; Willis Jackson, D.sc., 
D.PHIL., DR.SC.TECH., F.R.S.; The Chairmen of the Group Committees; 
The Chairman and Hon. Secretary of the North Lancashire Sub- 
Centre; The Chairman of Graduate and Student Section. 

Hon. Secretary: H. Diggle, 8.sc.TECH., Transformer Engineering Dept., 
Metropolitan-Vickers Electrical Co. Ltd., Southmoor Road, 
Wythenshawe, Manchester, 23. 

Hon. Treasurer: C. F. Tyrrell, ‘Kinder’, Ley Hey Road, Marple, 
Stockport, Cheshire. 


NORTH LANCASHIRE SUB-CENTRE 
Chairman: H. G. Cope. 

Past-Chairmen: W. Ward; E. H. Scholes. 
Vice-Chairmen: C. E. Smith, B.sc.(ENG.); O. Seymour. 


A. T. Adam F. C. Legg. 
C. C. Bacon. H. Shackleton, M.Sc. 
C. L. Halliday. R.3.:. Tarr, BSc. 


Hon. Secretary: F. Day, The North Western Electricity Board, 40-41 
Lune Street, Preston. 

Hon. Treasurer: J. G. Flood, The North Western Electricity Board, 
40/41 Lune Street, Preston. 


NORTH-WESTERN MEASUREMENT AND CONTROL 
GROUP 
Chairman: E. Roscoe, J.P. 
H. G. Bonson, M.A. 
A. Chorlton, B.SC.TECH. 
J. E. M. Coombes, M.B.E., J. E. Swann. 
B.SC.(ENG.). J. H. Williams, B.sc.(ENG.). 
Ex officio: F. Beech (Past-Chairman); M. Whitehead; C. Ryder; 
The Chairman and the Hon. Secretary of the North-Western Centre. 
— eer: R. W. Fryer, 2 Rossett Avenue, Timperley, Altrincham, 
Cheshire. 


E. J. R. Hardy, B.Sc.(ENG.). 
T. Kilburn, M.A., PH.D., D.SC. 


JOURNAL I.E.E. 
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NORTH-WESTERN RADIO AND TELECOMMUNICATION 

GROUP 

Chairman: K. J. Butler. 

R. Feinberg, DR.ING., M.SC. 

S. D. Mellor, B.ENG. 

G. G. Scarrott. 

Ex officio: G. J. Scoles, B.sc.(ENG.) (Past-Chairman) ; The Chairman and 
the Hon. Secretary of the North-Western Centre. 

Hon. Secretary: J. Willis, B.sc., Lecturer in Electrical Engineering, The 
College of Technology, Manchester, 1. 

NORTH-WESTERN SUPPLY GROUP 

Chairman: F. W. Gee, B.SC.TECH. 


G. Shand, B.sc.(ENG.). 
A. G. §. Smith. 


J. L. Ashworth. W. D. Sutcliffe. 
A. C. Ehrenberg. E. P. G. Thornton. 
A. J. Gray, B.SC.(ENG.). J. Whitfield. 


G. B. Leese. 

Ex officio: C. H. Flurscheim, B.A. (Past-Chairman); H. G. Bell 
M.SC.TECH.; L. C. Richards, B.sc.TECH.; J. E. L. Robinson, M.sc.; 
The Chairman and the Hon. Secretary of the North-Western Centre. 

Hon. Secretary: J. B. Kilshaw, System Planning and Design Engineer, 
North Western Electricity Board, No. 3 Sub-Area, Union Street, 
Oldham, Lancs. 

NORTH-WESTERN UTILIZATION GROUP 

Chairman: J. Tozer. 

C. Ayers, B.SC.(ENG.). 

A. M. Dennison. 

J. N. M. Legate, B.sc. 

G. Lumby, B.ENG. 

Ex officio: G. H. Davidson (Past-Chairman); The Chairman and the 
Hon. Secretary of the North-Western Centre. 

Hon. Secretary: W. F. Jarvis, c/o North Western Electricity Board, 
No. 1 Sub-Area, Town Hall Extn. (4th Floor), Manchester, 2. 


North-Western Graduate and Student Section 

Chairman: J. C. Hopkins, B.sc. 

Vice-Chairman: G. B. Popple. 

Hon. Secretary: N. Sellers, M.sc., c/o U.K.A.E.A., Newchurch Hall, 
Risley, Warrington, Lancs. 


NORTHERN IRELAND CENTRE 

Chairman: C. M. Stoupe, B.sc. 

Past-Chairmen: Major E. N. Cunliffe, B.sc.tEcH.; Douglas S. Parry. 

Vice-Chairmen: D. S. Mcllhagger, PH.D., M.sc.; T. S. Wylie. 

F. W. Cox, B.SC.(ENG.). M. Szwander, DIP.ING. 

J. McA. Irons. G. A. Wilson. 

C. Snowdon, B.sc. W. J. Wright. 

Hon. Secretary: R. L. Marrs, B.sc., “Chez Moi’, Mosside Road, Dun- 
murry, Co. Antrim. 

Hon. Asst. Secretary: W. H. Farmer, Room 49, Telephone House, 
1 Cromac Street, Belfast. 

Hon. Treasurer: Major J. E. Jones, £.R.D., B.sc., 21 Park Road, Belfast. 


Northern Ireland Graduate and Student Section 

Chairman: L. Watson. 

Vice-Chairman: R. J. Henry. 

Hon. Secretary: H. McKillen, ‘Emoh-Ruo’, Antrim Road, Ballee, 
Ballymena, Co. Antrim, N. Ireland. 


SCOTTISH CENTRE 

Chairman: E. O. Taylor, B.sc. 

Past-Chairmen: C. H. A. Collyns; J. S. Hastie, B.sc.(ENG.); 
E. Wilkinson, PH.D., B.ENG.; Professor F. M. Bruce, M.SC., PH.D. 

Vice-Chairmen: J. E. Whittaker, B.sc.(ENG.); R. J. Rennie, B.sc.; 
J. A. Aked, M.B.E. 

C. L. C. Allan, B.A. W. H. P. Leslie, B.sc. 

D. B. Clark. Major W. M. Mackay, M.c., T.D., 

R. H. Dean, B.SC.TECH. B.SC. 

G. L. Doig, B.sc.(ENG.). O. L. Robson, M.B.E., B.SC.(ENG.). 

J. Jamieson, B.SC., PH.D. G. G. Smail, B.sc. 

E. H. Jones, DIPL.ING. 

Ex officio: D. McDonald, B.sc.; J. Knox, m.sc.; W. B. Laing; G. I. 
Thomas, B.sc.; R. L. Stanley. 

Hon. Secretary and Treasurer: J. H. P. de Villiers, Bruce, Peebles and 
Co. Ltd., 19 Waterloo Street, Glasgow, C.2. 

Hon. Asst. Secretary: R. L. Stanley, c/o Johnson and Phillips, Ltd., 
59 Berkeley Street, Glasgow, C.3. 


F. H. Merrill, M.sc., B.ENG. 
W. E. G. Robinson, B.sc.(ENG.). 
F. Whyman, B.SC.TECH. 


NORTH SCOTLAND SUB-CENTRE 

Chairman: Professor E. G. Cullwick, 0.B.£., M.A., D.SC. 

Past-Chairmen: J. Knox, M.sc.; R. B. Anderson. 

Vice-Chairmen: A. J. O. Cruickshank, B.sc.(ENG.), PH.D.; S. R. Urquhart. 
J. A. Bennet, B.sc., PH.D. J. B. Izatt. 

A. J. S. Davidson, B.sc. K. J. McConnell. 

L. F. Dorward, B.Sc.(ENG.). S. T. Marsh, B.sc.(ENG.). 

A. Grant, B.Sc. A. M. Wesley, B.Sc.(ENG.). 
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Ex officio: Major W. M. Mackay, M.c., T.D., B.sc.; E. O. Taylor, B.sc.; 
E. Wilkinson, PH.D., B.ENG.; J. H. P. de Villiers; J. E. Whittaker, 
B.SC.(ENG.); G. L. Doig, B.Sc.(ENG.). 

Hon. Secretary and Treasurer: T. M. McCammont, North of Scotland 
Hydro-Electric Board, Milburn Street, Aberdeen. 


North Scotland Graduate and Student Section 

Chairman: A. J. S. Davidson, B.sc. 

Vice-Chairman: J. C. Earls, B.sc.(ENG.). 

Hon. Secretary: J. B. Izatt, 40 Cameron Street, Stonehaven, Kin- 
cardineshire. 


SOUTH-EAST SCOTLAND SUB-CENTRE 

Chairman: J. Mendelson. 

Past-Chairmen: W. B. Laing; F. G. Bennett. 

Vice-Chairmen: J. L. Egginton, B.sc.; F. C. Thornley, B.sc. TECH. 

C. M. Beckett, T.D., B.A. Lieut.-Col. F. N. Lucas, 

W. E. J. Farvis, B.Sc., B.SC.(ENG.). B.SC.(ENG.). 

I. S. Fraser, B.sc. Major J. A. Sellar, B.sc. 

D. M. Thornton, B.sc. 

Ex officio: O. L. Robson, M.B.E., B.SC.(ENG.); C. H. A. Collyns; C. L. C. 
Allan, B.a., J. H. P. de Villiers; D. McDonald, B.sc.; D. Chandra; 
P. Danahay. 

Hon. Secretary: G. 1. Thomas, B.sc., Ferranti, Ltd., Ferry Road, 
Edinburgh, 5. 

Hon. Asst. Secretary: J. B. McPherson, ‘Forthview’, Haddington Road, 
Tranent, East Lothian. 

Hon. Treasurer: A. R. S. Robertson, c/o Mrs. Sims, 15 Telford Road, 
Blackhall, Edinburgh. 


South-East Scotland Graduate and Student Section 

Chairman: D. Chandra. 

Vice-Chairman and Hon. Secretary: P. Danahay, 91 New Street, 
Musselburgh, Midlothian. 


SOUTH-WEST SCOTLAND SUB-CENTRE 

Chairman: A. J. Small, B.sc., PH.D. 

Past-Chairmen: J. A. Aked, M.B.E.; J. W. Macfarlane, PH.D., B.SC., J.P. 

Vice-Chairmen: W. Adam, B.sc.; J. E. Sayers, B.Sc. 

I. Dawson, B.Sc. W. L. Morton. 

W. H. Howard. C. H. Smith. 

H. B. Hughes, B.sc.(ENG.). W. C. Thomson, B.SC.(ENG.). 

Ex officio: J. H. P. de Villiers; J. S. Hastie, B.sc.(ENG.); D. B. Clark; 
R. J. Rennie, B.sc.(ENG.); R. H. Dean, B.sc.TEcH.; Professor F. M. 
Bruce, M.SC., PH.D.; J. Jamieson, B.Sc., PH.D.; E. H. Jones, DIPL.ING.; 
J. Jardine, B.sc.(ENG.); C. G. Gordon, B.sc.; W. H.<P. Leslie, B.sc.; 
G. G. Smail, B.sc. 

Hon. Secretary and Treasurer: R. L. Stanley, c/o Johnson and Phillips 
Ltd., 59 Berkeley Street, Glasgow, C.3. 

Hon. Asst. Secretary: D. R. Rollo, B.sc.(ENG.), 44 Woodhead Avenue, 
Kirkintilloch, Glasgow. 


South-West Scotland Graduate and Student Section 

Chairman: J. Jardine, B.SC.(ENG.). 

Vice-Chairman: R. M. Rennie. 

Hon. Secretary: C. G. Gordon, B.sc., Dept. of Electrical Engineering, 
Royal College of Science and Technology, West George Street, 
Glasgow. 


SOUTH MIDLAND CENTRE 

Chairman: L. L. Tolley, B.sc.(ENG.). 

Past-Chairmen: H. S. Davidson, T.p.; C. J. O. Garrard, M.sc. 
Vice-Chairmen: J. Ashmore; G. F. Peirson. 

J. R. Anderson, T.D., B.Sc.(ENG.). R.A. Joseph, B.Sc. 

L. D. Anscombe, M.A. P. M. Martin, B.sc. 


D. A. Bell, M.A., B.SC. R. Paterson. 
J. E. Boul. R. H. Phillips, T.p. 
H. K. P. Burt, B.sc. W. A. Roberts. 


Brigadier F. Jones, C.B.E., M.SC. 

Hon. Secretary: E. H. Cox, Midlands Electricity Board, Mucklow Hill, 
Halesowen, Birmingham. 
Hon. Asst. Secretary: J. C. Pyatt, c/o Central Electricity Authority, 

53 Wake Green Road, Moseley, Birmingham, 13. 
Hon. Treasurer: L. A. E. Fosbrooke, B.sc., 31 Fern Wood Road, Sutton 
Coldfield, Warwicks. 


NORTH STAFFORDSHIRE SUB-CENTRE 

Chairman: H. A. P. Caddell, M.A. 

Past-Chairmen: A. T. Chadwick; E. R. Patrick, PH.D., B.ENG. 
Vice-Chairmen: R. W. Palmer; R. H. Bannister. 

L. Goodall. 


W. E. Darby. J. L. Hewitt, B.sc.(ENG.). 
P. D. Gilbey, B.sc.(ENG.). E. Jones, B.SC.(ENG.). 
G. H. Gillam. 
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Ex officio: J. E. Boul; Sir George H. Nelson, Bart. 

Hon. Secretary: E. Bolton, 8.sc.TECH., Switchgear Design Dept., The 
English Electric Co., Ltd., Stafford. 

Hon. Treasurer and Asst. Secretary: D. H. Tompsett, B.sc.(ENG.), Nelson 
Research Laboratories, The English Electric Co., Ltd., Stafford. 

Hon. Convener (Burton-on-Trent): F. Overstall. 

Hon. Asst. Secretaries: (Stoke) H. McCartney, 7 Eleanor Crescent, 
Newcastle-under-Lyme, Staffs.; (Stone) H. Baker, B.sc., The Beeches, 
Standon, Staffs. 


North Staffs Graduate and Student Section 

Chairman: A. Davies, B.SC. 

Vice-Chairman: B. H. Wright. 

Hon. Secretary: R. B. Larkinson, M.A., Metal Industries Division, 
English Electric Co. Ltd., Stafford. 


RUGBY SUB-CENTRE 

Chairman: W. J. Carfrae, B.sc. 

Past-Chairmen: J. H. Cansdale; L. D. Anscombe, M.A. 

Vice-Chairmen: E. M. Price, M.A.; W. J. Gibbs, pD.sc. 

J. H. Fearon, B.sc.(ENG.). J. C. Read, D.sc. 

J. W. Lincoln. J. Richmond, M.B.E., B.ENG. 

W. S. Melville, B.sc.(ENG.). R. W. G. Ward, B.sc. 

J. Metcalfe, M.B.E., B.SC. K. J. R. Wilkinson, D.sc. 

Ex officio: L. Drucquer; G. S. C. Lucas, 0.B.E. 

Hon. Secretary: E. S. Hall, c/o Electronics Engineering Dept., British 
Thomson Houston Co., Ltd., Rugby. 

Hon. Asst. Secretary: R. W. Robinson, 51 Yates Avenue, Newbold 
Glebe, Rugby. 

Hon. Treasurer: P. G. Ross, B.sc., 10 Fareham Avenue, Rugby. 


Rugby Graduate and Student Section 
Chairman: A. J. Gilbert, B.A. 
Vice-Chairman: J. W. S. Payne, B.SC.(ENG.). 


Hon. Secretary: R. E. James, B.sc.(ENG.), Transformer Engineering 
Dept., The B.T.H. Co., Ltd., Rugby. 


SOUTH MIDLAND RADIO AND MEASUREMENT GROUP 

Chairman: R. H. Johnson, M.sc. 

Past-Chairman: E. E. Ward, PH.D., B.Sc. 

W. H. Brent, B.sc. C. J. Miles. 

H. M. Gale, B.sc.(ENG.). J. S. Roebuck, B.sc. 

J. M. Harvey, B.sc.(ENG.). A. T. Smart, B.sc. 

T. R. Hockney. K. B. Wilson, B.sc.(ENG.). 

H. F. Jones, B.sc.(ENG.). 

Hon. Secretary: E. 8. Johnson, Regional Director’s Office, Civic House, 
Great Charles Street, Birmingham, 3. 


SOUTH MIDLAND SUPPLY AND UTILIZATION GROUP 
Chairman: R. A. York, B.sc. 


S. F. Adcock. D. B. Druce. 

R. Allen. H. M. Fricke, B.sc. 
J. R. Anderson, T.D., B.SC.(ENG.). E. V. Hardaker, B.sc. 
F. C. Barford. 


Ex officio: T. D. G. Wintle (Past-Chairman). 
—_ eer: H. C. Fox, George Ellison, Ltd., Perry Barr, Birming- 
am, % 


South Midland Graduate and Student Section 
Chairman: M. J. L. Willison. 
Vice-Chairman: J. B. Atkinson, B.Sc.(ENG.). 


Hon. Secretary: N. Morris, 32 Denholm Road, Sutton Coldfield, 
Warwicks. 


SOUTHERN CENTRE 

Chairman: L. G. A. Sims, D.sc., PH.D. 

Past-Chairmen: Cmdr. C. V. Robinson, 0.8.£., R.N.(RET.); E. A. L 
M.Sc.; L. H. Fuller, B.sc.(ENG.); H. Robson, B.sc. ) aia 

Vice-Chairmen: G. Bishop, B.sc.; W. D. Mallinson, B.sc.(ENG.): 
E. Asquith; R. Goford. cosine 

E. N. Bronsdon. 

J. E. Brunnen. 

H. H. Cash. 

J. A. P. Farrant. 

S. T. Flannery, B.sc.(ENG.). 

J. P. Harvey, B.sc.(ENG.). 


T. McGreevy, M.SC.TECH. 
P. K. Mackintosh. 

J. H. Mole, Px.D., B.sc. 
O. L. Ratsey, M.A. 

R. Summarsell. 


_Hon. Secretary: H. W. Housley, 15 Southdown Road, East Cosham, 


Portsmouth, Hants. 
Hon. Asst. Secretaries: A. C. Tremain, B.sc.(ENG.), Municipal College 
— Hants; C. G. Brammer, 48 Brecon Avenue, East ay 
ants. 


Hon. Treasurer: W. M. Read, 33 Caledon Road, Parkstone, Dorset. 
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Southern Graduate and Student Section 


Chairman: D. W. Martin. 

Vice-Chairman: R. J. Barnard, B.sc. 

Hon. Secretary: H. K. Maddams, B.sc., 19 Tregaron Avenue, East 
Cosham, Portsmouth, Hants. 


WESTERN CENTRE 

Chairman: J. F. Wright. 

Past-Chairmen: Professor G. H. Rawcliffe, M.A., D.sc.; T. G. Dash, 1.p,; 
A. N. Irens; J. Vaughan Harries. 

Vice-Chairmen: R. W. Steel; H. Jackson, B.sc.(ENG.). 


C. J. R. Blackett. S. G. Mundy. 

T. E. B. Caseley. A. S. Phillips. 

E. N. Evans. W. T. Roper. 
H. Groocock, B.SC.(ENG.). P. Smith, B.sc. 
O. McLean, M.ENG. H. C. Tucker. 


W. Maltby. PH.D. 

‘ W. L. Williams. 

Ex officio: F. J. Baber; G. B. Devey; I. G. Evans; C. H. Foulkes; 
J. Harley; C. W. Priest, B.sc.(ENG.). 

Hon. Secretary: F. F. Freeling, Midlands Electricity Board, Bowling 
Hill, Chipping Sodbury, Bristol. 

Hon. Asst. Secretary (Bristol): W. D. Morgan, W. T. Glover and Co. Ltd, 
123 Victoria Street, Bristol, 1. 

Hon. Asst. Secretary (Cardiff): D. Stephens, 7 Clovelly Crescent, 

Llanrumney, Cardiff. 
Hon. Treasurer: D. J. Thomas, 2 St. Andrews Place, Cardiff. 


a 

G. 

H. McQueen. Professor E. Williams, B.ENG., 
CE} 


SOUTH-WESTERN SUB-CENTRE 

Chairman: C. H. Foulkes. 

Past-Chairman: W. R. Rowe. 

Vice-Chairmen: N. Axford, B.sc.(ENG.); Capt. W. W. H. Ash, R.N. 


A. G. R. Bell. F. C. Isaac. 
F. Bowles. S. G. Monk, M.SC.(ENG.), B.SC. 
W. G. Clarke. W. F. Smith. 


H. K. Heppell, M.ENG. H. R. C. White. 

Hon. Secretary: G. B. Devey, P.O. Engineering Dept., 23 Victoria Park 
Road, Exeter. 

Hon. Asst. Secretary: S. D. Chapman, ‘Hycrest’, Highbury Crescent, 
Plympton, Plymouth. 

Hon. Treasurer: G. J. Websdale, m.c., c/o South Western Electricity 
Board, 57 Paul Street, Exeter, Devon. 


WEST WALES (SWANSEA) SUB-CENTRE 

Chairman: 1. G. Evans. 

Past-Chairmen: J. H Groocock, B.sc.; J. L. Griffiths. 

Vice-Chairmen: T. Gill, B.sc.; J. Harley. 

D. Cameron, B.SC.(ENG.). J. V. Peacock, B.Sc.(ENG.). 

A. Evans. G. Rutter. 

J. Nelsey, B.SC.(ENG.). 

Hon. Secretary: W. E. Lewis, B.sc., PH.D., 19 Wimmerfield Crescent, 
Killay, Swansea. 

Hon. Asst. Secretary: D. H. Hughes, 5 Hillside, Furnace, Llanelly, 
Carmarthenshire. 

Hon. Treasurer: O. J. Mayo, 52 Cromwell Street, Mount Pleasant, 
Swansea. 


WESTERN SUPPLY GROUP 
Chairman: C. W. A. Priest, B.SC.(ENG.). 
Vice-Chairman: A. G. Milne. 


R. T. W. Anderson. J. S. Lombard, B.sc.(ENG.). 


T. S. Andrew. G. Minter. 
N. Care. H. E. Vickers. 
T. E. B. Caseley. D. J. Willis. 


Ex officio: C. J. R. Blackett, E. K. Wood (Past-Chairmen); The 
The Chairman and Hon. Secretary of the Western Centre. 

Hon. Secretary: A. A. Beckingsale, Central Electricity House, 26 Oak- 
field Road, Bristol, 8. 


WESTERN UTILIZATION GROUP 

Chairman: F. J. Baber. 

Past-Chairmen: E. R. Radway; W. H. Smail. 

Vice-Chairman: C. E. Dew; P. Smith, B.sc. 

E. Hawkesley. T. L. Purves. 

R. H. Morgan. P. H. Yeo. 

C. H. H. Pease, B.sc.(ENG.). 

Ex officio: The Chairman and Hon. Secretary of the Western Centre. 

Hon. Secretary: G. M. Hughes-Caley, B.T.H. Co. Ltd., 42 Baldwin 
Street, Bristol, 1. 

Hon. Asst. Secretary: W. S. Evans, Docks Engineer’s Office, Port of 
Bristol Authority, Avonmouth, Bristol. 
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Bristol Graduate and Student Section 

Chairman: Miss C. Cross., B.Sc. 

Vice-Chairman: D. J..Matthews. 

Hon. Secretary: A. D. Fleet, Equipment Engineering Dept., Westing- 
house Brake & Signal Co., Ltd., New Road, Chippenham, Wilts. 





Cardiff Graduate and Student Section 

Chairman: H. C. Tucker. 

Vice-Chairman: D. J. Willis. 

~ Secretary: D. P. Howson, B.sc., Pen-y-bryn, White Hart; Machen, 
on. 


Oversea Branches, Representatives, Committees, and Joint Groups, 1957—58 


Oversea Branches 


CALCUTTA BRANCH 

Chairman: D. H. P. Henderson. 

Vice-Chairmen: H. C. Hardy; D. A. S. Clark. 

A. K. Bhaumik, B.sc.(ENG.). R. G. Mukherjee, M.sc. 

§. S. Das Gupta. P. N. Mukherji, M.sc. 

M. Datta, M.SC.TECH., PH.D. C. Rowe. 

N. P. Dingwall. N. B. Sajnani, B.sc. 

J. H. Hanson, B.sc. 

Ex officio: F. Wade-Cooper. 

Hon. Secretary: L. W. Brazel, Calcutta Electric Supply Corporation, 
Lid., Victoria House, Calcutta. 


CEYLON BRANCH 

Chairman: E. C. Fernando, M.B.E., B.SC.(ENG.). 

Vice-Chairman: G. D. Somasundaram, B.Sc. 

J. D. F. Assisi, B.SC.(ENG.). Professor R. H. Paul, M.A., B.SC. 
D. P. Chandrasinghe. A. Perera. 


C. H. J. de Mel. S. Thirunavukarasu. 
S. R. de Silva. T. S. F. Tillekeratne. 
D. M. Gill. B. Wiketilaka. 


Ex officio: D. P. Bennett. 

Hon. Secretary: M. 1. Aziez, B.sc., Electrical Engineer, Operations and 
Maintenance, Dept. of Government Electrical Undertakings, P.O. 
Box 540, McCallum Road, Colombo, 10. 


IRISH BRANCH 

Chairman: L. Collins, B.£., B.SC. 

Past-Chairmen: P. H. Greer; A. J. Litton, B.£., B.SC. 

Vice-Chairmen: R. L. S. McDowell, B.sc.; T. P. Hogan, B.e. 

R. C. Cuffe, B.£., PH.D. J. McLay, B.sc. 

W. Dain. Professor J. J. Morrissey, M.A., 

H. L. De Lacy, B.E., B.Sc. 

P. J. Dowling, B.£., B.Sc. 

J. D. Ferguson, B.sc.(ENG.). 

J. A. V. McEvoy, B.e. 

Hon. Secretary: J. McKeever, B.sc.(ENG.), General Electric Co. Ltd., 
13 Trinity Street, Dublin. 

Hon. Treasurer: B. Magill, B.sc., c/o Brown Boveri (Ireland) Ltd., 
D’Olier Chambers, D’Olier Street, Dublin. 


Irish Graduate and Student Section 
Chairman: D. M. O’Brien. 
Hon. Secretary: A. J. Duffy, 32 Upper Baggot Street, Dublin. 


M.E. 
C. V. O’Donnell, M.E. 
J. P. O’Farrell, B.sc. 


Oversea Representatives of the Council 


ARGENTINA 
i C. Towers, Acassuso 841, Olivos, F.N.G.B.M., Prov. de Buenos 
ires. 


BRAZIL 
E. WINSTANLEY, B.SC.(ENG.), The Rio de Janeiro Flour Mills and 
Granaries Ltd., Caixa Postal 486, Rio de Janeiro. 


BURMA 
C. H. MELLOorR, c/o Rangoon Electric Supply Board, 503/9 Merchant 
Street, Rangoon. 


CANADA 
J. M. THOMSON, M.A.SC., PH.D., Ferranti Electric Ltd., Mount Dennis, 
Toronto, 15, Ontario. 


CAPE PROVINCE 
= G. Downie, B.Sc., c/o City Electricity Dept., P.O. Box 82, Cape 
Own. 


CEYLON 
J. G. Park, Office of the United Kingdom High Commissioner, 
7 Prince Street, Colombo. 


NOVEMBER 1957 


EAST AFRICA 
A. O. CosGrove, B.sc., The General Electric Co., Ltd., P.O. Box 5100, 
Nairobi. 


FAR EAST 
D. S. Hitt, Reiss, Bradley & Co., Ltd., National City Bank of New 
York Building, 2 Queens Road C, Hong Kong. 


FRANCE 
P. M. J. Aicteret, Electricité de France, 12 Place des Etats-Unis, 
Paris (16°). . 
Deputy Representative: R. A. Tellier, ING.E.s.£., c/o Electricité de 
France, 12 Place des Etats-Unis, Paris (16°). 


INDIA 
F. Wape-Cooper, Magnet House, Chittaranjan Avenue, P.O. 
Box 8974, Calcutta, 13. : 
Deputy Representative: L. W. BRAZEL, c/o Calcutta Electric Supply 
Corporation, Calcutta. 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel-Aviv. 


MALAYA AND SINGAPORE 
W. TRAFFORD, M.B.E., Telecommunications Dept. (Special Services), 
Fullerton Building, Singapore, 1. 
Deputy Representative: P. J. TyRRELL, B.sc.(ENG.), The B.T.H. 
Export Co., Ltd., P.O. Box 151, Kuala Lumpur. 


MIDDLE EAST 
J. M. Morris, 0.B.£., The Port Directorate, Basrah, Iraq. 


NATAL 
R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durban. 


NEAR EAST 
A. G. Coates, Iraq Petroleum Co., Ltd., Banias, Latakia, Syria. 
Deputy Representative: H. D. Furser, The Iraq Petroleum Co. Ltd., 
Electrical Engineering Dept., P.O. Box 150, Tripoli, Lebanon. 


NEW SOUTH WALES 
J. T. ROLLO, c/o Electricity Commission of New South Wales, Power 
Development Division, Box 5257, G.P.O., Sydney. 


NEW ZEALAND 
E. H. R. GREEN, C.B.E., M.SC., Engineer-in-Chief, General Post Office, 
Wellington, C.1. 


PAKISTAN ‘ 
K. I. BROWN, M.B.E., c/o Associated Electrical Industries (Pakistan) 
Ltd., Shernaz House, West Wharf Road, Post Box 4958, Karachi. 


QUEENSLAND 
J. S. Just, c/o Box 1067N, G.P.O., Brisbane. 


RHODESIA 
A. B. Cowen, 0.B.£., P.O. Box 377, Salisbury. 


SOUTH AUSTRALIA } 
G. H. MACHIN, B.E., c/o The Electricity Trust of South Australia, 
Box 412c, G.P.O., Adelaide. 


SWITZERLAND 
L. W. HAYES, 0.B.£., 43 Quai Wilson, Geneva. 


TRANSVAAL 
A. W. Lineker, B.sc., P.O. Box 7794, Johannesburg. 


UNITED STATES OF AMERICA 
Hon. Secretary: R. H. Barcray, The J. G. White Engineering 
Corporation, 80 Broad Street, New York 4, N.Y., U.S.A. 
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Oversea Representatives of the Council (contd.) 


VICTORIA AND TASMANIA 


PRoFessoR C. E. MOoORHOUSE, M.E.E., Department of Electrical 
Engineering, University of Melbourne, Carlton, N.3, Victoria. 
Deputy Representative for Tasmania: H. P. Tuck, M.E., B.SC., 
Associate Professor, University of Tasmania, Hobart. 


WEST AFRICA 


J. Houston ANGus, P.O. Box 388, 


WEST INDIES 


Lagos, Nigeria. 


H. D. WALDEN, B.Sc., c/o The Trinidad Oil Co., Ltd., 19 La Carriere 


Road, Pointe-a-Pierre, Trinidad. 


WESTERN AUSTRALIA 


J. B. JUKEs, B.E., The State Electricity Commission of Western 
Australia, Electricity House, 321 Murray Street, Perth. 


Oversea Committees 


AUSTRALIA 
NEW SOUTH WALES 


Chairman: A. C. H. Frost, B.sc.(ENG.). 


Vice-Chairman: R. M. Barge. 

V. D. Burgmann, B.Sc., B.E. 

Professor D. M. Myers, 
D.SC.(ENG.), B.SC., B.E. 


Professor R. E. Vowels, M.E. 
H. B. Wood, B.sc., M.E. 


Hon. Secretary: J. T. Rollo, c/o Electricity Commission of N.S.W., 
Power Development Division, Box 5257, G.P.O., Sydney. 


QUEENSLAND 


Chairman: A. S. Faulkner. 
E. B. Freeman, B.ENG. 

W. I. Monkhouse. 

J. E. Morwood. 


Professor S. A. Prentice, M.E.E., 
B.SC. 


MADRAS 


Chairman: Appointment pending 
R. Allan. R. M. Steele. 


G. Sundaram. 


Hon. Secretary: R. Wright, M.B.£., 4 Buckingham Gardens, Madras, 12 


MALAYA AND SINGAPORE 


(Oversea Representative’s Advisory Committee.) 


H. W. Goodyear, B.SC.(ENG.). 
J. W. Lawton. 

W. G. Scott, B.Sc. 

J. Sharples, B.sc.(ENG.). 


NEW ZEALAND 


P. J. Tyrrell, B.sc.(ENG.). 
R. A. Waddle, B.sc. 
C. H. White. 


Chairman: F. T. M. Kissel, 1.8.0., B.Sc. 


R. H. Bartley. G. T. Edgar. 


Lt.-Col. J. C. Forsyth, B.sc.(ENG.). 


Hon. Secretary: E. H. R. Green, c.B.£., M.sc., Engineer-in-Chief 
General Post Office, Wellington, C.1. ; 


SOUTH AFRICA 
TRANSVAAL 

Chairman: A. W. Lineker, B.Sc. 
Vice-Chairman: A. R. Mullins, B.A. 
D. M. Bentley, B.sc.(ENG.). 
Professor G. R. Bozzoli, 


D.SC.(ENG.). 
G. A. Dalton. 


W. Fenwick. 
M. Hewitson. 
W. L. King. : 
H. J. H. Nethersole, B.sc.(ENG.) 


Hon. Secretary: A. W. Lineker, B.sc., P.O. Box 7794, Johannesburg.” 


Joint Oversea Groups 


ARGENTINA JOINT OVERSEA GROUP 


Chairman: C. Mellor, A.M.1.C.E. 


Hon. Secretary: J. Coombes, A.M.1.C.E., c/o Percy Grant and Co., Reca 
quista 314, Buenos Aires, Argentina. ‘ 


HONGKONG JOINT OVERSEA GROUP 


Ex officio: J. S. Just. 
Hon. Secretary: W. 1. George, B.E., c/o The English Electric Co., Ltd., 
P.O. Box 406F, G.P.O., Brisbane. 


SOUTH AUSTRALIA 


Chairman: Appointment pending 
Vice-Chairman: M. E. Richards. 
D. E. Calder, B.E. 

J. W. Harrod, B.sc., M.E. 

M. W. Higgins. 

F. R. Hill, p.sc. I. Purdam, B.E. 

E. Jones, M.Sc.(ENG.). P. M. Williams, B.£. 

Ex officio: K. H. Milne, B.£.; J. R. Brookman, M.£.; G. H. Machin, B.£. 
Hon. Secretary: J. W. Crompton, B.£., 139 Fisher Street, Malvern. 


F. E. Kirkpatrick, B.sc. 
G. H. Newstead, M.E.E. 
A. J. H. Oxford, B.sc. 


VICTORIA AND TASMANIA 


Chairman: J. Wilson. 
Vice-Chairman: W. W. Cooper. 


Chairman: A. W. Black, M.1.MECH.E. 
Hon. Secretary: R. A. Younger, A.M.I.MECH.E., c/o Babcock and Wile 
Ltd., Alexandra House, Hong Kong. 


IRAQ AND PERSIAN GULF JOINT OVERSEA GROUP 

Chairman: J. M. Morris, 0.B.E., A.M.I.MECH.E., M.I.E.E. 

Hon. Secretary: J. A. C. King, A.M.1.E.E., c/o Department of Electricil 
Government of Kuwait, Kuwait, Persian Gulf. 7 


SINGAPORE/MALAYAN JOINT OVERSEA GROUP 

Chairman: S. A. Anderson, M.1.MECH.E. 

Hon. Secretary: C. G. V. Rudd, M.SC., A.M.I.MECH.E., A.M.1LE.E., Alliaig 
Engineering Co. Ltd., P.O. Box 669 (79 Anson Road), Singapore, 


TRINIDAD AND TOBAGO JOINT OVERSEA GROUP 
Chairman: Appointment pending. 


Hon. Secretary: D. P. J. Holbrook, B.sc.(ENG.), A.M.LE.E., c/o Trinida 
Oilfield Service, Ltd., P.O. Box 69, San Fernando, Trinidad. 


D. Broadbent, B.sc. 

G. T. Cuthbert, B.£. 

B. G. Gates, PH.D., B.SC.(ENG.). 
C. J. Griffiths, M.£.£. 

F. G. Hogg, B.k. 


C. G. E. Joslin. 

Group-Capt. A. G. Pither, 
R.A.A.F. 

H. P. Tuck, B.Sc., M.E. 

B. Woodfull. 


WEST AFRICAN JOINT OVERSEA GROUP 


Chairman: R. Bridgman, M.I.C.E. 


Hon. Secretary: R. E. J. White, A.M.1.MECH.E., A.F.R.AE.S., c/o U, 


Ex officio: Professor C. E. Moorhouse, M.E.E. 
Hon. Secretary: C. A. P. Oldfield, c/o State Electricity Commission of 
Victoria, 22-32 William Street, Melbourne. 


WESTERN AUSTRALIA 


Chairman: K. W. Taplin, B.£. 

Vice-Chairman: J. B. Jukes, B.E. 

D. C. Curtis. 

F. W. Dawson, B.E. 

W. G. Hayman, B.E., B.SC. 

= ee and Treasurer: R. R. Lake, B.£., c/o 132 Murray Street, 
erth. 


P. K. Johns. 
J. A. Smith. 


INDIA 
BOMBAY 


Chairman: J. H. Smyth, B.sc. 

Vice-Chairman: J. C. Patel, B.sc. 

R. K. Gurtu, B.sc. 

S. R. Kantebet, B.A. 

P. K. Kelkar, PH.D., B.Sc. P. L. Verma, B.Sc. 

P. Kumar, B.SC.(ENG.). S. M. Zubair, M.sc. 

Hon. Secretary: T. M. Shivram, Services Engineer (North), B.E.S. & T. 
Undertaking, Electric House, Post Fort, Bombay, 1. 
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L. N. Mathur, B.Sc., B.ENG. 
M. V. Pantvaidya. 


(Tech.), Ltd., P.O. Box 570 Lagos, Nigeria. 


Local Honorary Treasurers 
of the Benevolent Fund 


East Midland Centre R. C. Woods 

Irish Branch A. Harkin, M.E. 

Mersey and North Wales Centre D. A, Picken 
North-Eastern Centre J. F. Skipsey, B.Sc. 
North Midland Centre J. R. Rylands, M.Sc., J.P. 
Sheffield Sub-Centre F. Seddon 

North-Western Centre E. G. Taylor, B.Sc.(Eng.) 
North Lancashire Sub-Centre G. K. Alston, B.Sc.(Eng.) 
Northern Ireland Centre G. H. Moir, J.P. 

Scottish Centre R. H. Dean, B.Sc.Tech. 
North Scotland Sub-Centre P. Philip 

South Midland Centre Capt. J. H. Patterson, R.A. 
Rugby Sub-Centre P. G. Ross, B.Sc. 
Southern Centre G. D. Arden 

Western Centre (Bristol) A. H. McQueen 

Western Centre (Cardiff) David J. Thomas 

West Wales (Swansea) Sub-Centre O.J. Mayo 
South-Western Sub-Centre W. E. Johnson 








